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Preface 


The first edition of Gray’s Anatomy for Students accom- 
plished many of the goals we had established for this text- 
book, including our primary goal of helping students learn 
anatomy. However, we realized from the many sugges- 
tions, comments, and kind advice we received from col- 
leagues and students around the world that there were 
modifications and changes that would improve this text- 
book. So keeping in mind the goals and objectives of the 
first edition, we began work on the second edition by evalu- 
ating all of the input from our readers, assessing changes 
occurring in the educational environment, and doing our 
best to predict the future direction of anatomy education. 
The result is the second edition of Gray’s Anatomy for 
Students, which builds on the past and looks toward the 
future. 

One of the most significant changes in the second edition 
of our textbook occurs in Chapter 1. This chapter has been 
retitled “The Body” and not only includes the material 
from Chapter 1 of the first edition, such as “What is 
anatomy?” and “Imaging” but also has a new section, 
entitled “Body systems.” This new section provides stu- 
dents with an overview of the skeletal system, skin and 
fascias, the muscular system, the cardiovascular system, 
the lymphatic system (material moved from Chapter 4 of 
the previous edition), and the nervous system (material 
moved from Chapter 2 of the first edition). The information 
is concise in its presentation, and its clinical significance 
is emphasized by the addition of numerous examples of 
common clinical problems. 

Another significant change in this edition involves the 
presentation of clinical material. While “In the Clinic” 


boxes are still presented throughout the textbook, usually 
at the end of a section of material so as not to destroy 
the readability of the textbook, we have also highlighted 
clinically relevant information throughout the textual 
material. This technique, while maintaining the book’s 
readability, provides the student with a rapid locator of 
clinical “pearls of wisdom.” Thus, throughout the text- 
book, boxes in pastel green and text highlighted in gray 
signal clinical information—pay particular attention. 

Finally, the index has been completely restructured and 
provides the reader with a more convenient and useful tool 
for finding information. We have also added a concise table 
of contents at the beginning of each chapter to further 
assist the reader in the location of specific topics. Addition- 
ally, a large number of the clinical images and pictures 
used in the first edition have been upgraded. Many of them 
have been replaced with higher quality examples and 
imaging from newly emerging technologies. Smaller 
changes in this second edition include modifying some of 
the artwork, adding some new artwork, and moving the 
10 short questions at the end of each chapter to Student 
Consult online. 

We feel that with these changes the second edition of 
Gray’s Anatomy for Students is a much improved version of 
the first edition, and we hope that the book will continue 
to be a valuable learning resource for students. 


Richard L. Drake 

A. Wayne Vogl 

Adam W. M. Mitchell 
January 2009 
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About the book 


The idea 


In the past 20 years or so, there have been many changes 
that have shaped how students learn human anatomy in 
medical and dental schools and in allied health programs, 
with curricula becoming either more integrated or more 
systems based. In addition, instructional methods focus on 
the use of small group activities with the goals of increas- 
ing the amount of self-directed learning, and acquiring the 
skills for the life-long acquisition of knowledge. An explo- 
sion of information in every discipline has also been a force 
in driving curricular change as it increases the amount to 
be learned without necessarily increasing the time avail- 
able. With these changes, we felt it was time for a new text 
to be written that would allow students to learn anatomy 
within the context of many different curricular designs, 
and within ever-increasing time constraints. 

We began in the fall of 2001 by considering the various 
approaches and formats that we might adopt, eventually 
deciding upon a regional approach to anatomy with each 
chapter having four sections. From the beginning, we 
wanted the book to be designed with multiple entry points, 
to be targeted at introductory level students in a broad 
spectrum of fields, and to be a student-oriented companion 
text for Gray’s Anatomy, which is aimed at a more profes- 
sional audience. We wrote the text first and subsequently 
constructed all the artwork and illustrations to comple- 
ment and augment the words. Preliminary drafts of chap- 
ters, when complete, were distributed to an international 
editorial board of anatomists, educators, and anatomy stu- 
dents for review. Their comments were then considered 
carefully in the preparation of the final book. 

The text is not meant to be exhaustive in coverage, but 
to present enough anatomy to provide students with a 
structural and functional context in which to add further 
detail as they progress through their careers. Gray’s 
Anatomy was used as the major reference, both for the text 
and for the illustrations, during the preparation of this 
book, and it is the recommended source for acquiring addi- 
tional detail. 


The book 


Gray's Anatomy for Students is a clinically oriented, student- 
friendly textbook of human anatomy. It has been prepared 


primarily for students in a variety of professional programs 
(e.g., medical, dental, chiropractic, and physical therapy 
programs). It can be used by students in traditional, sys- 
temic, combined traditional/systemic, and problem-based 
curricula and will be particularly useful to students when 
lectures and laboratories in gross anatomy are minimal. 


Organization 


Using a regional approach, Gray’s Anatomy for Students 
progresses through the body in a logical fashion, building 
on the body’s complexities as the reader becomes more 
comfortable with the subject matter. Each chapter can be 
used as an independent learning module, and varying the 
sequence will not affect the quality of the educational expe- 
rience. The sequence we have chosen to follow is back, 
thorax, abdomen, pelvis and perineum, lower limb, upper 
limb and head and neck. 

We begin with the back because it is often the initial 
area dissected by students. The thorax is next because of 
its central location and its contents (i.e., the heart, the 
great vessels, and the lungs). This also begins a progression 
through the body’s cavities. The abdomen and pelvis and 
perineum follow logically in sequence from the thorax. 
Continuing downward toward the feet, the lower limb is 
next, followed by the upper limb. The last region discussed 
is the head and neck. This region contains some of the most 
difficult anatomy in the body. Covering all other regions 
first gives the student the opportunity to build a strong 
foundation from which to understand this complex 
region. 


Content 


Each regional anatomy chapter consists of four consecu- 
tive sections: conceptual overview, regional anatomy, 
surface anatomy, and clinical cases. 

The conceptual overview provides the basis on which 
information in the later sections is built. This section can 
be read independently of the rest of the text by students 
who require only a basic level of understanding and can 
also be read as a summary of important concepts after the 
regional anatomy has been mastered. 

The regional anatomy section provides more detailed 
anatomy along with a substantial amount of relevant 
clinical correlations. It is not an exhaustive discussion 
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but instead provides information to a level that we feel is 
necessary for understanding the organization of the region. 
Throughout this section, two levels of clinical material 
are provided. Clinical hooks are fully integrated with the 
main anatomical text and function to relate (“hook”) the 
anatomy discussed directly to a clinical application without 
taking students out of their train of thought and without 
disrupting the flow of the text. Although fully integrated 
with the anatomical text, these passages are differentiated 
from it by the use of green highlighting. “In the Clinic” 
summaries provide students with useful and relevant clini- 
cal information demonstrating how applying anatomical 
knowledge facilitates the solving of clinical problems. These 
are spread throughout the text close to the most relevant 
anatomical discussion. 

Surface anatomy assists students in visualizing the rela- 
tionship between anatomical structures and surface land- 
marks. This section also provides students with practical 
applications of the anatomical information, combining 
visual inspection with functional assessment, as occurs 
during any type of patient examination. 

The final section of each chapter consists of clinical 
cases. These cases represent the third level of clinical mate- 
rial in the book. In these cases the clinical problem is 
described, and a step-by-step process of questions and 
answers leads the reader to the resolution of the case. The 
inclusion of these cases in each chapter provides students 
with the opportunity to apply an understanding of anatomy 
to the resolution of a clinical problem. 

Illustrations are an integral part of any anatomy text. 
They must present the reader with a visual image that 
brings the text to life and presents views that will assist in 
the understanding and comprehension of the anatomy. 
The artwork in this text accomplishes all of these goals. 
The illustrations are original and vibrant, and many views 
are unique. They have been designed to integrate with the 
text, present the anatomy in new ways, deal with the issues 
that students find particularly difficult, and provide a con- 
ceptual framework for building further understanding. To 
ensure that the illustrations of the book work together and 
to enable students to cross-refer from one illustration to 
another, we have used standard colors throughout the 
book, except where indicated otherwise. 
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The position and size of the artwork was one of the 
parameters considered in the overall design of each page of 
the book. 

Clinical images are also an important tool in under- 
standing anatomy and are abundant throughout the text. 
Examples of state-of-the-art medical imaging, including 
MRIs, CTs, PETs, and ultrasound as well as high-quality 
radiographs, provide students with additional tools to 
increase their ability to visualize anatomy in vivo and, 
thus, increase their understanding. 


What the book does not contain 

Gray’s Anatomy for Students focuses on gross anatomy. While 
many curricula around the world are being presented in a 
more integrated format combining anatomy, physiology, 
histology, and embryology, we have focused this textbook 
on understanding only the anatomy and its application 
to clinical problems. Except for some brief references to 
embryology where necessary for a better understanding of 
the anatomy, material from other disciplines is not included. 
We felt that there are many outstanding textbooks covering 
these subject areas, and that trying to cover everything in a 
single book would produce a text of questionable quality and 
usefulness, not to mention enormous size! 


Terminology 


In any anatomical text or atlas, terminology is always 
an interesting issue. In 1989, the Federative Committee 
on Anatomical Terminology (FCAT) was formed and was 
charged with developing the official terminology of 


the anatomical sciences. The Terminologia Anatomica 
(Thieme, Stuttgart/New York, 1998) was a joint publica- 
tion by this group and the 56 member associations of the 
International Federation of Associations of Anatomists 
(IFAA). We have chosen to use the terminology presented 
in this publication in the interest of uniformity. Other ter- 
minology is not incorrect; we just felt that using terminol- 
ogy from this single, internationally recognized source 
would be the most logical and straightforward approach. 

Although we use anatomical terms for orientation as 
much as possible, we also use terms such as “behind” or 
“in front of” occasionally to make the text more readable. 
In these cases, the context clarifies the meaning. 


Anatomical use of adverbs 

During the writing of this book, we had many long discus- 
sions about how we were going to describe anatomical 
relationships as clearly as possible, but maintain the read- 
ability of the text. One issue that arose continually in our 
discussions was the correct use of the “-ly” adverb form of 
anatomical orientation terms, such as anterior, posterior, 
superior, inferior, lateral, and medial. We reached the fol- 
lowing consensus: 
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-ly adverbs e.g., anteriorly, posteriorly, have been 
used to modify (describe) verbs in passages 
where an action or direction is mentioned. For 
example, “The trachea passes inferiorly through the 
thorax.” 

circumstantial adverbs, e.g., anterior, posterior, have 
been used to indicate the fixed location of an ana- 
tomical feature. For example, “The trachea is ante- 
rior to the esophagus.” 


Furthermore, both usages may occur in the same 
passage. For example, “The trachea passes inferiorly 
through the thorax, anterior to the esophagus.” 

We have very much enjoyed the process of putting this 
book together. We hope that you enjoy using it to the same 
degree. 


Richard L. Drake 
A. Wayne Vogl 


Adam W. M. Mitchell 
January 2009 
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The body 





Anatomy includes those structures that can be seen grossly 
(without the aid of magnification) and microscopically 
(with the aid of magnification). Typically, when used by 
itself, the term anatomy tends to mean gross or macrosco- 
pic anatomy—that is, the study of structures that can be 
seen without using a microscopic. Microscopic anatomy, 
also called histology, is the study of cells and tissues using 
a microscope. 

Anatomy forms the basis for the practice of medicine. 
Anatomy leads the physician toward an understanding of 
a patient’s disease, whether he or she is carrying out a 
physical examination or using the most advanced imaging 
techniques. Anatomy is also important for dentists, chiro- 
practors, physical therapists, and all others involved in any 
aspect of patient treatment that begins with an analysis of 
clinical signs. The ability to interpret a clinical observation 
correctly is therefore the endpoint of a sound anatomical 
understanding. 

Observation and visualization are the primary tech- 
niques a student should use to learn anatomy. Anatomy is 
much more than just memorization of lists of names. 
Although the language of anatomy is important, the 
network of information needed to visualize the position of 
physical structures in a patient goes far beyond simple 
memorization. Knowing the names of the various branches 
of the external carotid artery is not the same as being able 
to visualize the course of the lingual artery from its origin 
in the neck to its termination in the tongue. Similarly, 
understanding the organization of the soft palate, how it is 
related to the oral and nasal cavities, and how it moves 
during swallowing is very different from being able to recite 
the names of its individual muscles and nerves. An under- 
standing of anatomy requires an understanding of the 
context in which the terminology can be remembered. 


How can gross anatomy 
be studied? 


The term anatomy is derived from the Greek word temnein, 
meaning “to cut.” Clearly, therefore, the study of anatomy 
is linked, at its root, to dissection, although dissection of 
cadavers by students is now augmented, or even in some 
cases replaced, by viewing prosected (previously dissected) 
material and plastic models, or using computer teaching 


4 modules and other learning aids. 


What Is anatomy? 


Anatomy can be studied following either a regional or 
a systemic approach. 


With a regional approach, each region of the body is 
studied separately and all aspects of that region are 
studied at the same time. For example, if the thorax is 
to be studied, all of its structures are examined. This 
includes the vasculature, the nerves, the bones, the 
muscles, and all other structures and organs located in 
the region of the body defined as the thorax. After study- 
ing this region, the other regions of the body (i.e., the 
abdomen, pelvis, lower limb, upper limb, back, head, 
and neck) are studied in a similar fashion. 

In contrast, in a systemic approach, each system of 
the body is studied and followed throughout the entire 
body. For example, a study of the cardiovascular system 
looks at the heart and all of the blood vessels in the body. 
When this is completed, the nervous system (brain, 
spinal cord, and all the nerves) might be examined in 
detail. This approach continues for the whole body until 
every system, including the nervous, skeletal, muscu- 
lar, gastrointestinal, respiratory, lymphatic, and repro- 
ductive systems, has been studied. 


Each of these approaches has benefits and deficiencies. 
The regional approach works very well if the anatomy 
course involves cadaver dissection, but falls short when it 
comes to understanding the continuity of an entire system 
throughout the body. Similarly, the systemic approach 
fosters an understanding of an entire system throughout 
the body, but it is very difficult to coordinate this directly 
with a cadaver dissection or to acquire sufficient detail. 


Important anatomical terms 
The anatomical position 


The anatomical position is the standard reference position 
of the body used to describe the location of structures (Fig. 
1.1). The body is in the anatomical position when stand- 
ing upright with feet together, hands by the side and face 
looking forward. The mouth is closed and the facial expres- 
sion is neutral. The rim of bone under the eyes is in the 
same horizontal plane as the top of the opening to the ear, 
and the eyes are open and focused on something in the 
distance. The palms of the hands face forward with the 
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Fig. 1.1 The anatomical position, planes, and terms of location and orientation. 





The body 


fingers straight and together and with the pad of the thumb 
turned 90° to the pads of the fingers. The toes point 
forward. 


Anatomical planes 


Three major groups of planes pass through the body in the 
anatomical position (Fig. 1.1). 


Coronal planes are oriented vertically and divide the 
body into anterior and posterior parts. 

Sagittal planes also are oriented vertically, but are at 
right angles to the coronal planes and divide the body 
into right and left parts. The plane that passes through 
the center of the body dividing it into equal right and 
left halves is termed the median sagittal plane. 
Transverse, horizontal, or axial planes divide the 
body into superior and inferior parts. 


Terms to describe location 


Anterior (ventral) and posterior (dorsal), 
medial and lateral, superior and inferior 


Three major pairs of terms are used to describe the location 
of structures relative to the body as a whole or to other 
structures (Fig. 1.1). 


Anterior (or ventral) and posterior (or dorsal) 
describe the position of structures relative to the “front” 
and “back” of the body. For example, the nose is an 
anterior (ventral) structure whereas the vertebral 
column is a posterior (dorsal) structure. Also, the nose 
is anterior to the ears and the vertebral column is pos- 
terior to the sternum. 

Medial and lateral describe the position of structures 
relative to the median sagittal plane and the sides of 
the body. For example, the thumb is lateral to the little 
finger. The nose is in the median sagittal plane and is 


medial to the eyes, which are in turn medial to the 
ears. 

Superior and inferior describe structures in reference 
to the vertical axis of the body. For example, the head 
is superior to the shoulders and the knee joint is inferior 
to the hip joint. 


Proximal and distal, cranial and caudal, 
and rostral 


Other terms used to describe positions include proximal 
and distal, cranial and caudal, and rostral. 


Proximal and distal are used with reference to being 
closer to or farther from a structure’s origin, particu- 
larly in the limbs. For example, the hand is distal to 
the elbow joint. The glenohumeral joint is proximal 
to the elbow joint. These terms are also used to describe 
the relative positions of branches along the course 
of linear structures, such as airways, vessels, and 
nerves. For example, distal branches occur farther 
away toward the ends of the system, whereas proxi- 
mal branches occur closer to and toward the origin of 
the system. 

Cranial (toward the head) and caudal (toward the 
tail) are sometimes used instead of superior and inferior, 
respectively. 

Rostral is used, particularly in the head, to describe the 
position of a structure with reference to the nose. For 
example, the forebrain is rostral to the hindbrain. 


Superficial and deep 


Two other terms used to describe the position of structures 
in the body are superficial and deep. These terms are 
used to describe the relative positions of two structures 
with respect to the surface of the body. For example, the 
sternum is superficial to the heart, and the stomach is deep 
to the abdominal wall. 


Imaging 


Diagnostic imaging techniques 


In 1895 Wilhelm Roentgen used the X-rays from a cathode 
ray tube to expose a photographic plate and produce the 
first radiographic exposure of his wife’s hand. Over the 
past 30 years there has been a revolution in body imaging, 
which has been paralleled by developments in computer 
technology. 


Plain radiography 
The basic physics of X-ray generation has not changed. 
X-rays are photons (a type of electromagnetic radiation) 
and are generated from a complex X-ray tube, which is a 
type of cathode ray tube (Fig. 1.2). The X-rays are then 
Clima (i.c., directed through lead-lined shutters to 
stop them from fanning out) to the appropriate area, as 
determined by the radiographic technician. As the X-rays 
pass through the body they are attenuated (reduced in 
energy) by the tissues. Those X-rays that pass through the 
tissues interact with the photographic film. 
In the body: 


= air attenuates X-rays a little; 

= faae -rays more than air but less than water; 
and 

= bone attenuates X-rays the most. 


These differences in attenuation result in differences in 
the level of exposure of the film. When the photographic 
film is developed, bone appears hite on the film because 


this region of the film has been exposed to the leastamount) 


(Of Xerays) Air appears @ark on the film because these 
regions were exposed to the(greatestinumiber of X-rays, As 


a result of the digital revolution, images can be obtained 
quickly and downloaded onto computer screens within 
seconds. 

Modifications to this X-ray technique allow a continu- 
ous stream of X-rays to be produced from the X-ray tube 
and collected on an input screen to allow real-time visual- 
ization of moving anatomical structures, barium studies, 
angiography, and fluoroscopy (Fig. 1.3). 


Contrast agents 


To demonstrate specific structures, such as bowel loops or 
arteries, it may be necessary to fill these structures with a 
substance that attenuates X-rays more than bowel loops 





Tungsten filament Tungsten target 
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Fig. 1.2 Cathode ray tube for the production of X-rays. 
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Fig. 1.3 Fluoroscopy unit. 


or arteries do normally. It is, however, extremely impor- 
tant that these substances are nontoxic. Barium sulfate, an 
insoluble salt, is a nontoxic, relatively high-density agent 
that is extremely useful in the examination of the gastro- 
intestinal tract. When barium sulfate suspension is 
ingested it attenuates X-rays and can therefore be used to 
demonstrate the bowel lumen (Fig. 1.4). It is common to 
add air to the barium sulfate suspension, by either ingest- 
ing “fizzy” granules or directly instilling air into the body 
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Fig. 1.4 Barium sulfate follow-through. 


cavity, as in a barium enema. This is known as a double- 
contrast (air/barium) study. 

For some patients it is necessary to inject contrast agents 
directly into arteries or veins. In this case, iodine-based 
molecules are suitable contrast agents. Modine is chosen 


because it has a relatively highatomicmass)and so mark- 
edly attenuates X-rays) but also, importantly, it is@maturally) 
excreted via the urinary system. (intrazanterialn dintraves 
GODS ontrast agents are(extremely safe and are well toler- 
(ated) by mosi patents) Rarely, some patients have an 


epa reaction to intra-arterial or intravenous 
injections, so the necessary precautions must be taken. 


dntra=arterial)and\intravenous contrast agents not only 
hhelpiinjvisualizing thevarteries/andiveins) but because they 
visualize the kidneys) ureter, and bladder in a process 
known as intravenous urography. 


Subtraction angiography 












During angiography it is often difficult to appreciate the 
contrast agent in the vessels through the overlying 
bony structures. To circumvent this, the technique of 
subtraction angiography has been developed. Simply, 
one or two images are obtained before the injection of 





Fig. 1.5 Digital subtraction angiogram. 


contrast media. These images are inverted (such that 
a negative is created from the positive image). After 
injection of the contrast media into the vessels, a further 
series of images are obtained, demonstrating the passage 
of the contrast through the arteries into the veins and 
around the circulation. By adding the “negative precon- 
trast image” to the positive postcontrast images, the bones 
and soft tissues are subtracted to produce a solitary image 
of contrast only. Before the advent of digital imaging this 
was a challenge, but now the use of computers has made 
this technique relatively straightforward and instanta- 
neous (Fig. 1.5). 


Ultrasound 


Ultrasonography of the body is widely used for all aspects 
of medicine. 

Ultrasound is a very high frequency sound wave (not 
electromagnetic radiation) generated by piezoelectric 
materials, such that a series of sound waves is produced. 
Importantly, the piezoelectric material can also receive the 
sound waves that bounce back from the internal organs. 
The sound waves are then interpreted by a powerful com- 
puter, and a real-time image is produced on the display 
panel. 


Doppler ultrasound 


Developments in ultrasound technology, including the size 
of the probes and the frequency range, mean that a broad 
range of areas can now be scanned. 

Traditionally ultrasound is used for assessing the 
abdomen (Fig. 1.6) and the fetus in pregnant women. 
Ultrasound is also widely used to assess the eyes, neck, soft 
tissues, and peripheral musculoskeletal system. Probes 
have been placed on endoscopes, and endoluminal ultra- 
sound of the esophagus, stomach, and duodenum is now 
routine. Endocavity ultrasound is carried out most com- 
monly to assess the genital tract in women using a trans- 
vaginal or transrectal route. In men, transrectal ultrasound 
is the imaging method of choice to assess the prostate 
in those with suspected prostate hypertrophy or 
malignancy. 

Doppler ultrasound enables determination of flow, its 
direction, and its velocity within a vessel using simple 
ultrasound techniques. Sound waves bounce off moving 
structures and are returned. The degree of frequency shift 
determines whether the object is moving away from or 
toward the probe and the speed at which it is traveling. 
Precise measurements of blood flow and blood velocity can 
therefore be obtained, which in turn can indicate sites of 
blockage in blood vessels. 


Computed tomography 


Computed tomography (CT) was invented in the 1970s by 
Sir Godfrey Hounsfield, who was awarded the Nobel Prize 
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Fig. 1.6 Ultrasound examination of the abdomen. 


Imaging ° Diagnostic imaging techniques 


in Medicine in 1979. Since this inspired invention there 
have been many generations of CT scanners. Quite simply, 
a CT scanner obtains a series of images of the body (slices) 
in the axial plane. 

The patient lies on a bed, an X-ray tube passes around 
the body (Fig. 1.7), and a series of images are obtained. A 
computer carries out a complex mathematical transforma- 
tion on the multitude of images to produce the final image 
(Fig. 1.8). 


Magnetic resonance imaging 


Nuclear magnetic resonance imaging was first described in 
1946 and used to determine the structure of complex mol- 
ecules. The complexity of the physics necessary to obtain 
an image is beyond the scope of this textbook, but the 
reader should be aware of how the image is produced and 
the types of images typically seen in routine medical 
practice. 

The process of magnetic resonance imaging (MRI) is 
dependent on the free protons in the hydrogen nuclei in 
molecules of water (H20). Because water is present in 
almost all biological tissues, the hydrogen proton is ideal. 
The protons within a patient’s hydrogen nuclei should 
be regarded as small bar magnets, which are randomly 





Fig. 1.7 Computed tomography scanner. 
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Fig. 1.8 Computed tomography scan of the abdomen at vertebral 
level LII. 





Fig. 1.9 A T2-weighted image in the sagittal plane of the pelvic 
viscera in a woman. 


oriented in space. The patient is placed in a strong mag- 
netic field, which aligns the bar magnets. When a pulse of 
radio waves is passed through the patient the magnets are 
deflected, and as they return to their aligned position they 
emit small radio pulses. The strength and frequency of the 
emitted pulses and the time it takes for the protons to 
return to their pre-excited state produce a signal. These 
signals are analyzed by a powerful computer, and an image 
is created (Fig. 1.9). 


By altering the sequence of pulses to which the protons 
are subjected, different properties of the protons can be 
assessed. These properties are referred to as the “weight- 
ing” of the scan. By altering the pulse sequence and 
the scanning parameters, T1-weighted images (Fig. 1.10A) 
and T2-weighted images (Fig. 1.10B) can be obtained. 
These two types of imaging sequences provide differences 
in image contrast, which accentuate and optimize different 
tissue characteristics. 

From the clinical point of view: 


Most T1-weighted images show dark fluid and bright 
fat—tor example, within the brain the cerebrospinal 
fluid (CSF) is dark; 

T2-weighted images demonstrate a bright signal from 
fluid and an intermediate signal from fat—for example, 
in the brain the CSF appears white. 


MRI can also be used to assess flow within vessels and 
to produce complex angiograms of the peripheral and 
cerebral circulation. 


Nuclear medicine imaging 


Nuclear medicine involves imaging using gamma rays, 
which are another type of electromagnetic radiation. The 
important difference between gamma rays and X-rays is 
that gamma rays are produced from within the nucleus 
of an atom when an unstable nucleus decays, whereas 
X-rays are produced by bombarding an atom with 
electrons. 

For an area to be visualized, the patient must receive a 
gamma ray emitter, which must have a number of proper- 
ties to be useful, including: 


a reasonable half-life (e.g., 6 to 24 hours); 

an easily measurable gamma ray; and 

energy deposition in as low a dose as possible in the 
patient’s tissues. 


The most commonly used radionuclide (radioisotope) 
is technetium-99m. This may be injected as a technetium 
salt or combined with other complex molecules. For 
example, by combining technetium-99m with methylene 
diphosphonate (MDP), a radiopharmaceutical is produced. 
When injected into the body this radiopharmaceutical spe- 
cifically binds to bone, allowing assessment of the skeleton. 
Similarly, combining technetium-99m with other com- 
pounds permits assessment of other parts of the body, for 
example the urinary tract and cerebral blood flow. 

Depending on how the radiopharmaceutical is absorbed, 
distributed, metabolized, and excreted by the body after 





Fig. 1.10 Tl-weighted (A) and T2-weighted (B) magnetic resonance 
images of the brain in the coronal plane. 
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Fig. 1.11 A gamma camera. 


injection, images are obtained using a gamma camera 
(Fig. 1.11). 


Positron emission tomography 


Positron emission tomography (PET) is an imaging modal- 
ity for detecting positron-emitting radionuclides. A posi- 
tron is an anti-electron, which is a positively charged 
particle of antimatter. Positrons are emitted from the decay 
of proton-rich radionuclides. Most of these radionuclides 
are made in a cyclotron and have extremely short 
half-lives. 

The most commonly used PET radionuclide is fluorode- 
oxyglucose (FDG) labeled with fluorine-18 (a positron 
emitter). Tissues that are actively metabolizing glucose 
take up this compound, and the resulting localized high 
concentration of this molecule compared to background 
emission is detected as a “hot spot.” 

PET has become an important imaging modality in the 
detection of cancer and the assessment of its treatment and 
recurrence. 


IMAGE INTERPRETATION 


Imaging is necessary in most clinical specialties to diag- 
nose pathological changes to tissues. It is paramount to 
appreciate what is normal and what is abnormal. An 
appreciation of how the image is obtained, what the normal 
variations are, and technical considerations is necessary 
to obtain a radiological diagnosis. Without understanding 
the anatomy of the region imaged, it is impossible to 
comment on the abnormal. 
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Plain radiography 

Plain radiographs are undoubtedly the most common form 
of image obtained in a hospital or local practice. Before 
interpretation, it is important to know about the imaging 
technique and the views obtained as standard. 

In most instances (apart from chest radiography) the 
X-ray tube is 1 m away from the X-ray film. The object in 
question, for example a hand or a foot, is placed upon the 
film. When describing subject placement for radiography, 
the part closest to the X-ray tube is referred to as “anterior” 
and that closest to the film is referred to as “posterior.” 

When X-rays are viewed on a viewing box, the right side 
of the patient is placed to the observer’s left; therefore, the 
observer views the radiograph as though looking at a 
patient in the anatomical position. 


Chest radiograph 


The chest radiograph is one of the most commonly 
requested plain radiographs. An image is taken with the 
patient erect and placed posteroanteriorly (PA chest 
radiograph). 

Occasionally, when patients are too unwell to stand 
erect, films are obtained on the bed in an anteroposterior 
(AP) position. These films are less standardized than PA 
films, and caution should always be taken when interpret- 
ing AP radiographs. 

The plain chest radiograph should always be checked 
for quality. Film markers should be placed on the appropri- 
ate side. (Occasionally patients have dextrocardia, which 
may be misinterpreted if the film marker is placed inap- 
propriately.) A good quality chest radiograph will demon- 
strate the lungs, cardiomediastinal contour, diaphragm, 
ribs, and peripheral soft tissues. 


Abdominal radiograph 


Plain abdominal radiographs are obtained in the AP supine 
position. From time to time an erect plain abdominal 
radiograph is obtained when small bowel obstruction 
is suspected. 


Gastrointestinal contrast examinations 


High-density contrast medium is ingested to opacify the 
esophagus, stomach, small bowel, and large bowel. As 
described previously (pp. 7-8), the bowel is insufflated with 
air (or carbon dioxide) to provide a double-contrast study. 
In many countries, endoscopy has superseded upper gas- 
trointestinal imaging, but the mainstay of imaging the 
large bowel is the double-contrast barium enema. Typi- 
cally the patient needs to undergo bowel preparation, in 
which powerful cathartics are used to empty the bowel. At 
the time of the examination a small tube is placed into the 


rectum and a barium suspension is run into the large 
bowel. The patient undergoes a series of twists and turns 
so that the contrast passes through the entire large bowel. 
The contrast is emptied and air is passed through the same 
tube to insufflate the large bowel. A thin layer of barium 
coats the normal mucosa, allowing mucosal detail to be 
visualized (see Fig. 1.4). 


Urological contrast studies 


Intravenous urography is the standard investigation for 
assessing the urinary tract. Intravenous contrast medium 
is injected, and images are obtained as the medium is 
excreted through the kidneys. A series of films are obtained 
during this period from immediately after the injection up 
to approximately 20 minutes later, when the bladder is full 
of contrast medium. 

This series of radiographs demonstrates the kidneys, 
ureters, and bladder and enables assessment of the retro- 
peritoneum and other structures that may press on the 
urinary tract. 


Computed tomography 


Computed tomography is the preferred terminology rather 
than computerized tomography, though both terms are 
used interchangeably by physicians. 

The general principles of computed tomography are 
described on p. 9. It is important for the student to under- 
stand the presentation of images. Most images are acquired 
in the axial plane and viewed such that the observer looks 
from below and upward toward the head (from the foot of 
the bed). By implication: 


the right side of the patient is on the left side of the 
image; and 
the uppermost border of the image is anterior. 


This technique for visualizing CT images applies 
throughout the whole body. Any changes to this standard 
are always indicated. 

Many patients are given oral and intravenous contrast 
media to differentiate bowel loops from other abdominal 
organs and to assess the vascularity of normal anatomical 
structures. When intravenous contrast is given, the earlier 
the images are obtained, the greater the likelihood of arte- 
rial enhancement. As the time is delayed between injection 
and image acquisition, a venous phase and an equilibrium 
phase are also obtained. 

The great advantage of CT scanning is the ability to 
extend and compress the gray scale to visualize the bones, 
soft tissues, and visceral organs. Altering the window 


settings and window centering provides the physician with 
specific information about these structures. 


Magnetic resonance imaging 


There is no doubt that MRI has revolutionized the under- 
standing and interpretation of the brain and its coverings. 
Furthermore, it has significantly altered the practice of 
musculoskeletal medicine and surgery. Images can be 
obtained in any plane and in most sequences. Typically 
the images are viewed using the same principles as CT. 
Intravenous contrast agents are also used to further 
enhance tissue contrast. Typically, MRI contrast agents 
contain paramagnetic substances (e.g., gadolinium and 
manganese). 


Nuclear medicine imaging 


Most nuclear medicine images are functional studies. 
Images are usually interpreted directly from a computer, 
and a series of representative films are obtained for clin- 
ical use. 


SAFETY IN IMAGING 


Whenever a patient undergoes an X-ray or nuclear medi- 
cine investigation, a dose of radiation is given (Table 1.1). 
As a general principle it is expected that the dose given is 
as low as reasonably possible for a diagnostic image to be 
obtained. Numerous laws govern the amount of radiation 


Table 1.1 The approximate dosage of radiation exposure as 
an order of magnitude 


Examination Typical Equivalent duration 
effective dose of background 
(mSv) exposure 

Chest radiograph 0.02 3 days 

Abdomen 1.00 6 months 

Intravenous 2.50 14 months 

urography 

CT scan of head 2.30 1 year 

CT scan of abdomen 10.00 4.5 years 


and pelvis 


exposure that a patient can undergo for a variety of proce- 
dures, and these are monitored to prevent any excess or 
additional dosage. Whenever a radiograph is booked, the 
clinician ordering the procedure must appreciate its neces- 
sity and understand the dose given to the patient to ensure 
that the benefits significantly outweigh the risks. 

Imaging modalities such as ultrasound and MRI are 
ideal because they do not impart significant risk to the 
patient. Moreover, ultrasound imaging is the modality of 
choice for assessing the fetus. 

Any imaging device is expensive, and consequently the 
more complex the imaging technique (e.g., MRI) the more 
expensive the investigation. Investigations must be carried 
out judiciously, based on a sound clinical history and 
examination, for which an understanding of anatomy is 
vital. 
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The body 


Body systems 


SKELETAL SYSTEM 


The skeleton can be divided into two subgroups, the axial 
skeleton and the appendicular skeleton. The axial skeleton 
consists of the bones of the skull (cranium), vertebral 
column, ribs, and sternum, whereas the appendicular 
skeleton consists of the bones of the upper and lower limbs 
(Fig. 1.12). 

The skeletal system consists of cartilage and bone. 


Cartilage 


Cartilage is an avascular form of connective tissue consist- 
ing of extracellular fibers embedded in a matrix that con- 
tains cells localized in small cavities. The amount and kind 
of extracellular fibers in the matrix varies depending on 
the type of cartilage. In heavy weightbearing areas or areas 
prone to pulling forces, the amount of collagen is greatly 
increased and the cartilage is almost inextensible. In con- 
trast, in areas where weightbearing demands and stress 
are less, cartilage containing elastic fibers and fewer colla- 
gen fibers is common. The functions of cartilage are to: 


support soft tissues; 
provide a smooth, gliding surface for bone articulations 
at joints; and 

enable the development and growth of long bones. 


There are three types of cartilage: 


hyaline—most common; matrix contains a moderate 
amount of collagen fibers (e.g., articular surfaces of 
bones); 

elastic:—matrix contains collagen fibers along with a 
large number of elastic fibers (e.g., external ear); 

= fibrocartilage—matrix contains a limited number of 
cells and ground substance amidst a substantial amount 
of collagen fibers (e.g., intervertebral discs). 
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Fig. 1.12 The axial skeleton and the appendicular skeleton. 


Cartilage is nourished by diffusion and has no blood 
vessels, lymphatics, or nerves. 


Bone 


Bone is a calcified, living, connective tissue that forms the 
majority of the skeleton. It consists of an intercellular calci- 
fied matrix, which also contains collagen fibers, and several 
types of cells within the matrix. Bones function as: 


supportive structures for the body; 

protectors of vital organs; 

reservoirs of calcium and phosphorus; 

levers on which muscles act to produce movement; 
and 

= containers for blood-producing cells. 


There are two types of bone, compact and spongy (tra- 
becular or cancellous). Compact bone is dense bone that 
forms the outer shell of all bones and surrounds spongy 
bone. Spongy bone consists of spicules of bone enclosing 
cavities containing blood-forming cells (marrow). Classifi- 
cation of bones is by shape. 


= Long bones are tubular (e.g., humerus in upper limb; 
femur in lower limb). 

= Short bones are cuboidal (e.g., bones of the wrist and 
ankle). 

= Flat bones consist of two compact bone plates separated 
by spongy bone (e.g., skull). 


= Irregular bones are bones with various shapes (e.g., 
bones of the face). 

= Sesamoid bones are round or oval bones that develop 
in tendons. 


Bones are vascular and are innervated. Generally, an 
adjacent artery gives off a nutrient artery, usually one per 
bone, that directly enters the internal cavity of the bone 
and supplies the marrow, spongy bone, and inner layers of 
compact bone. In addition, all bones are covered exter- 
nally, except in the area of a joint where articular cartilage 
is present, by a fibrous connective tissue membrane called 
the periosteum, which has the unique capability of forming 
new bone. This membrane receives blood vessels whose 
branches supply the outer layers of compact bone. A bone 
stripped of its periosteum will not survive. Nerves 
accompany the vessels that supply the bone and the peri- 
osteum. Most of the nerves passing into the internal cavity 
with the nutrient artery are vasomotor fibers that regulate 
blood flow. Bone itself has few sensory nerve fibers. On the 
other hand, the periosteum is supplied with numerous 
sensory nerve fibers and is very sensitive to any type of 
injury. 

Developmentally, all bones come from mesenchyme by 
either intramembranous ossification, in which mesenchy- 
mal models of bones undergo ossification, or endochondral 
ossification, in which cartilaginous models of bones form 
from mesenchyme and undergo ossification. 
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The body 


In the clinic 


Determination of skeletal age 

Throughout life the bones develop in a predictable way to 
form the skeletally mature adult at the end of puberty. In 
western countries skeletal maturity tends to occur 
between the ages of 20 and 25 years. However, this may 
well vary according to geography and socioeconomic 
conditions. Skeletal maturity will also be determined by 
genetic factors and disease states. 

Up until the age of skeletal maturity, bony growth and 
development follows a typically predictable ordered state, 
which can be measured through either ultrasound, plain 
radiographs, or MRI scanning. Typically, the nondominant 


A B 


(left hand) is radiographed and is compared to a series of 
standard radiographs. From these images the bone age 
can be determined (Fig. 1.13). 

In certain disease states, such as malnutrition and 
hypothyroidism, bony maturity may be slow. If the skeletal 
bone age is significantly reduced from the patient’s true 
age, treatment may be required. 

In the healthy individual the bone age accurately 
represents the true age of the patient. This is important in 
determining the true age of the subject. This may also 
have medicolegal importance. 





Fig. 1.13 A developmental series of radiographs showing the progressive ossification of carpal (wrist) bones from 3(A) to 10(E) years of 


age. 


In the clinic 


Bone marrow transplants 

The bone marrow serves an important function. There are 
two types of bone marrow, the red marrow (otherwise 
known as myeloid tissue) and the yellow marrow. Red 
blood cells, platelets, and most white blood cells arise 
from within the red marrow. In the yellow marrow a few 
white cells are made; however this marrow is dominated 
by large fat globules (producing its yellow appearance) 
(Fig. 1.14). 

From birth most of the body’s marrow is red; however, 
as the subject ages, more red marrow is converted into 
yellow marrow within the medulla of the long and flat 
bones. 

Bone marrow contains two types of stem cells. 
Hemopoietic stem cell grafts give rise to the white blood 
cells, red blood cells, and platelets. Mesenchymal stem 
cells differentiate into structures that form bone, cartilage, 
and muscle. 

There are a number of diseases that may involve the 
bone marrow, including infection and malignancy. In 
patients who develop a bone marrow malignancy (e.g., 
leukemia) it may be possible to harvest nonmalignant cells 
from the patient’s bone marrow or cells from another 
person’s bone marrow. The patient’s own marrow can be 
destroyed with chemotherapy or radiation and the new 
cells infused. This treatment is bone marrow 
transplantation. 





Red marrow in body of lumbar vertebra 





Yellow marrow in femoral head 


Fig. 1.14 Tl-weighted image in the coronal plane, 
demonstrating the relatively high signal intensity returned 
from the femoral heads and proximal femoral necks, 
consistent with yellow marrow. In this young patient, the 
vertebral bodies return an intermediate darker signal that 
represents red marrow. There is relatively little fat in these 
vertebrae, hence the lower signal return. 
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Bone fractures Radius Radial epiphysis 
Fractures occur in normal bone because of abnormal load 
or stress, in which the bone gives way. Fractures may also 
occur in bone that is of poor quality (osteoporosis); in 
such cases a normal stress is placed upon a bone that is 
not of sufficient quality to withstand this force and 
subsequently fractures. 

In children whose bones are still developing, fractures 
may occur across the growth plate or across the shaft. 
These shaft fractures typically involve partial cortical 
disruption, similar to breaking a branch of a young 
tree; hence they are termed “greenstick” fractures 
(Fig. 1.15). 

After a fracture has occurred, the natural response is to 
heal the fracture. Between the fracture margins a blood 
clot is formed into which new vessels grow. A jelly-like 
matrix is formed, and further migration of collagen- 
producing cells occurs. On this soft tissue framework, 
calcium hydroxyapatite is produced by osteoblasts and 
forms insoluble crystals, and then bone matrix is laid 
down. As more bone is produced, a callus can be 
demonstrated forming across the fracture site. 

Treatment of fractures requires a fracture line 
reduction. If this cannot be maintained in plaster of Paris 
cast, it may require internal or external fixation with Ulna Greenstick fractures 
screws and metal rods. 





Fig. 1.15 Radiograph, lateral view, showing greenstick 
fractures of the distal radius and distal ulna. 


In the clinic 


Wasting of gluteal muscle 


Avascular necrosis 

Avascular necrosis is cellular death of bone resulting from 
a temporary or permanent loss of blood supply to that 
bone. Avascular necrosis may occur in a variety of medical 
conditions, some of which have an etiology that is less 
than clear. A typical site for avascular necrosis is a fracture 
across the femoral neck in an elderly patient. In these 
patients there is loss of continuity of the cortical 
medullary blood flow with loss of blood flow deep to the 
retinacular fibers. This essentially renders the femoral 
head bloodless; it subsequently undergoes sclerosis and 
collapse. In these patients it is necessary to replace the 
femoral head with a prosthesis (Fig. 1.16). 





Avascular necrosis Bladder Normal left hip 


Fig. 1.16 Image of the hip joints demonstrating loss of height 
of the right femoral head with juxta-articular bony sclerosis 
and subchondral cyst formation secondary to avascular 

18 necrosis. There is also significant wasting of the muscles 
supporting the hip, which is secondary to disuse and pain. 
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In the clinic 


factors that predispose bones to develop osteoporosis. 


Osteoporosis 
Osteoporosis is a disease in which the bone mineral These factors include poor diet, steroid usage, smoking, 


density is significantly reduced. This renders the bone 
significantly more at risk of fracture. Typically, 
osteoporotic fractures occur in the femoral necks, the 
vertebra, and the wrist. Although osteoporosis may occur 
in men, especially elderly men, the typical patients are 
postmenopausal women. There are a number of risk 


and premature ovarian failure. Treatment involves 
removing underlying potentiating factors, such as 
improving diet and preventing further bone loss with 
drug treatment, (e.g., vitamin D and calcium supplements; 
newer treatments include drugs that increase bone 
mineral density) (Figs. 1.17 and 1.18). 
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Wedge fracture 


Fig. 1.18 Radiograph of the lumbar region of the vertebral 


Fig. 1.17 Radiograph of the lumbar region of the vertebral | 

column demonstrating a wedge fracture of the LI vertebra. column demonstrating three intra-pedicular needles, all of 

This condition is typically seen in patients with which have been placed into the middle of the vertebral 
bodies. The high-density material is radiopaque bone 


osteoporosis. as cooly 
cement, which has been injected as a liquid to set solid. 
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Epiphyseal fractures 

As the skeleton develops, there are stages of intense 
growth typically around the ages of 7 to 10 years and 
later in puberty. These growth spurts are associated 
with increased cellular activity around the growth plate 
and the metaphyseal region. This increase in activity 
renders the growth plates and metaphyseal regions 
more vulnerable to injuries, which may occur from 
dislocation across a growth plate or fracture through a 
growth plate. Occasionally an injury may result in 
growth plate compression, destroying that region of the 
growth plate, which may result in asymmetric growth 
across that joint region. All fractures across the growth 
plate must be treated with care and expediency, 
requiring fracture reduction. 


Joints 


The sites where two skeletal elements come together are 
termed joints. The two general categories of joints (Fig. 
1.19) are those in which: 


the skeletal elements are separated by a cavity (i.e., 

synovial joints); and 

there is no cavity and the components are held together 

by connective tissue (i.e., solid joints). 

Blood vessels that cross a joint and nerves that inner- 
vate muscles acting on a joint usually contribute articular 
branches to that joint. 


Synovial joints 

Synovial joints are connections between skeletal compo- 
nents where the elements involved are separated by a 
narrow articular cavity (Fig. 1.20). In addition to contain- 
ing an articular cavity, these joints have a number of char- 
acteristic features. 

First, a layer of cartilage, usually hyaline cartilage, 
covers the articulating surfaces of the skeletal elements. In 
other words, bony surfaces do not normally contact one 
another directly. As a consequence, when these joints are 
viewed in normal radiographs, a wide gap seems to sepa- 
rate the adjacent bones because the cartilage that covers 
the articulating surfaces is more transparent to X-rays than 
bone. 

A second characteristic feature of synovial joints is the 
presence of a joint capsule consisting of an inner syno- 
vial membrane and an outer fibrous membrane. 


A Synovial joint 





Bone Articular cavity Bone 


B Solid joint 





Bone 


Connective tissue 


Bone 


Fig. 1.19 Joints. A. Synovial joint. B. Solid joint. 


The synovial membrane attaches to the margins of the 
joint surfaces at the interface between the cartilage and 
bone and encloses the articular cavity. The synovial 
membrane is highly vascular and produces synovial 
fluid, which percolates into the articular cavity and 
lubricates the articulating surfaces. Closed sacs of syno- 
vial membrane also occur outside joints where they form 
synovial bursae or tendon sheaths. Bursae often inter- 
vene between structures, such as tendons and bone, 
tendons and joints, or skin and bone, and reduce the fric- 
tion of one structure moving over the other. Tendon 
sheaths surround tendons and also reduce friction. 

The fibrous membrane is formed by dense connective 
tissue and surrounds and stabilizes the joint. Parts of 
the fibrous membrane may thicken to form ligaments, 
which further stabilize the joint. Ligaments outside the 
capsule usually provide additional reinforcement. 


Another common but not universal feature of synovial 
joints is the presence of additional structures within the 
area enclosed by the capsule or synovial membrane, such 
as articular discs (usually composed of fibrocartilage), fat 
pads, and tendons. Articular discs absorb compression 
forces, adjust to changes in the contours of joint surfaces 
during movements, and increase the range of movements 
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Fig. 1.20 Synovial joints. A. Major features of a synovial joint. B. Accessory structures associated with synovial joints. 


that can occur at joints. Fat pads usually occur between the 
synovial membrane and the capsule and move into and 
out of regions as joint contours change during movement. 
Redundant regions of the synovial membrane and fibrous 
membrane allow for large movements at joints. 


Descriptions of synovial joints based on 
shape and movement 


Synovial joints are described based on shape and 
movement: 


= based on the shape of their articular surfaces, synovial 
joints are described as plane (flat), hinge, pivot, bicon- 
dylar (two sets of contact points), condylar (ellipsoid), 
saddle, and ball and socket; 

= based on movement, synovial joints are described as uni- 
axial (movement in one plane), biaxial (movement in two 
planes), and multi-axial (movement in three planes). 


Hinge joints are uniaxial, whereas ball and socket joints 
are multi-axial. 


Specific types of synovial joints 
(Fig. 1.21) 


= Plane joints—allow sliding or gliding movements when 
one bone moves across the surface of another (e.g., 
acromioclavicular joint) 


= Hinge joints—allow movement around one axis that 
passes transversely through the joint; permit flexion 
and extension (e.g., elbow [humeroulnar] joint) 

= Pivot joints—allow movement around one axis that 
passes longitudinally along the shaft of the bone; permit 
rotation (e.g., atlanto-axial joint) 

= Bicondylar joints—allow movement mostly in one axis 
with limited rotation around a second axis; formed by 
two convex condyles that articulate with concave or 
flat surfaces (e.g., knee joint) 

= Condylar (ellipsoid) joints—allow movement around 
two axes that are at right angles to each other; permit 
flexion, extension, abduction, adduction, and circum- 
duction (limited) (e.g., wrist joint) 

= Saddle joints—allow movement around two axes that 
are at right angles to each other; the articular surfaces 
are saddle shaped; permit flexion, extension, abduction, 
adduction, and circumduction (e.g., carpometacarpal 
joint of the thumb) 

= Ball and socket joints—allow movement around mul- 
tiple axes; permit flexion, extension, abduction, adduc- 
tion, circumduction, and rotation (e.g., hip joint) 


Solid joints 
Solid joints are connections between skeletal elements 
where the adjacent surfaces are linked together either by 
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Articular 
disc 


fibrous connective tissue or by cartilage, usually fibrocar- 
tilage (Fig. 1.22). Movements at these joints are more 
restricted than at synovial joints. 


Fibrous joints include sutures, gomphoses, and 


syndesmoses. 








m 


Sutures occur only in the skull where adjacent bones 
are linked by a thin layer of connective tissue termed a 
sutural ligament. 

Gomphoses occur only between the teeth and adja- 
cent bone. In these joints, short collagen tissue fibers in 
the periodontal ligament run between the root of the 
tooth and the bony socket. 

Syndesmoses are joints in which two adjacent bones 
are linked by a ligament. Examples are the ligamentum 
flavum, which connects adjacent vertebral laminae, 
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Fig. 1.21 Various types of synovial joints. A. Condylar (wrist). B. Gliding (radioulnar). C. Hinge or ginglymus (elbow). D. Ball and socket (hip). E. 
Saddle (carpometacarpal of thumb). F. Pivot (atlanto-axial). 


and an interosseous membrane, which links, for 
example, the radius and ulna in the forearm. 


Cartilaginous joints include synchondroses and 


symphyses. 


= Synchondroses occur where two ossification centers 


in a developing bone remain separated by a layer of 
cartilage, for example the growth plate that occurs 
between the head and shaft of developing long bones. 
These joints allow bone growth and eventually become 
completely ossified. 

Symphyses occur where two separate bones are inter- 
connected by cartilage. Most of these types of joints 
occur in the midline and include the pubic symphysis 
between the two pelvic bones, and intervertebral discs 
between adjacent vertebrae. 
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Fig. 1.22 Solid joints. 
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Degenerative joint disease cruciate ligaments. The advantages of arthroscopy are 
Degenerative joint disease is commonly known as that it is performed through small incisions, it enables 
osteoarthritis or osteoarthrosis. The disorder is related to patients to quickly recover and return to normal activity, 
aging but not caused by aging. Typically there are and it only requires either a light anesthetic or regional 
decreases in water and proteoglycan content within the anesthesia during the procedure. 


cartilage. The cartilage becomes more fragile and more 
susceptible to mechanical disruption. As the cartilage 
wears, the underlying bone becomes fissured and also 
thickens. Synovial fluid may be forced into small cracks 
that appear in the bone’s surface, which produces large 
cysts. Furthermore, reactive juxta-articular bony nodules 
are formed (osteophytes). As these processes occur, there 
is slight deformation, which alters the biomechanical 
forces through the joint. This in turn creates abnormal 
stresses, which further disrupt the joint (Figs. 1.23 and 
1.24). 

In the United States, osteoarthritis accounts for up to 
one-quarter of primary health care visits and is regarded 
as a Significant problem. 

The etiology of osteoarthritis is not clear; however, 
osteoarthritis can occur secondary to other joint 
diseases, such as rheumatoid arthritis and infection. 
Overuse of joints and abnormal strains, such as those 
experienced by people who play sports, often cause 
one to be more susceptible to chronic joint 
osteoarthritis. 

Various treatments are available, including weight 
reduction, proper exercise, anti-inflammatory drug 
treatment, and joint replacement (Fig. 1.25). 


Osteophytes 


Arthroscopy 

Arthroscopy is a technique of visualizing the inside of a 
joint using a small telescope placed through a tiny 
incision in the skin. Arthroscopy can be performed in 
most joints. However, it is most commonly performed in 
the knee, shoulder, ankle, and hip joints. The elbow joint 
and wrist joint can also be viewed through the 





arthroscope. 
Arthroscopy allows the surgeon to view the inside of Loss of joint space 
the joint and its contents. Notably, in the knee, the 
menisci and the ligaments are easily seen, and it is Fig. 1.23 This radiograph demonstrates the loss of joint space 
possible using separate puncture sites and specific in the medial compartment and presence of small spiky 


a teophyti i t th dial lateral t of the joint. 
instruments to remove the menisci and replace the J a SERS 
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Cartilage loss Patella 





Femoral condyles Cartilage loss 


Fig. 1.24 This operative photograph demonstrates the focal 
areas of cartilage loss in the patella and femoral condyles 
throughout the knee joint. 





Fig. 1.25 Post—knee replacement. This radiograph shows the 
position of the prosthesis. 
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Joint replacement 

Joint replacement is undertaken for a variety of reasons. 
These predominantly include degenerative joint disease 
and joint destruction. Joints that have severely 
degenerated or lack their normal function are painful, 
which can be life limiting, and in otherwise fit and healthy 
individuals can restrict activities of daily living. In some 
patients the pain may be so severe that it prevents them 
from leaving the house and undertaking even the smallest 
of activities without discomfort. 

Large joints are commonly affected, including the hip, 
knee, and shoulder. However, with ongoing developments 
in joint replacement materials and surgical techniques, 
even small joints of the fingers can be replaced. 

Typically, both sides of the joint are replaced; in the hip 
joint the acetabulum will be reamed, and a plastic or 
metal cup will be introduced. The femoral component will 
be fitted precisely to the femur and cemented in place 
(Fig. 1.26). 

Most patients derive significant benefit from joint 
replacement and continue to lead an active life afterward. 


SKIN AND FASCIAS 
Skin 


The skin is the largest organ of the body. It consists of the 
epidermis and the dermis. The epidermis is the outer cel- 
lular layer of stratified squamous epithelium, which is 
avascular and varies in thickness. The dermis is a dense 
bed of vascular connective tissue. 

The skin functions as a mechanical and permeability 
barrier, and as a sensory and thermoregulatory organ. It 
also can initiate primary immune responses. 


Fascia 


Fascia is connective tissue containing varying amounts of 
fat that separate, support, and interconnect organs and 





Acetabulum 


Artificial femoral head 


Fig. 1.26 This is a radiograph, anterior-posterior view, of the 
pelvis after a right total hip replacement. There are 
additional significant degenerative changes in the left hip 
joint, which will also need to be replaced. 


structures, enable movement of one structure relative to 
another, and allow the transit of vessels and nerves from 
one area to another. There are two general categories of 
fascia: superficial and deep. 


= Superficial (subcutaneous) fascia lies just deep to and is 
attached to the dermis of the skin. It is made up of loose 
connective tissue usually containing a large amount of 
fat. The thickness of the superficial fascia (subcutane- 
ous tissue) varies considerably, both from one area of 
the body to another and from one individual to another. 
The superficial fascia allows movement of the skin over 
deeper areas of the body, acts as a conduit for vessels 
and nerves coursing to and from the skin, and serves as 
an energy (fat) reservoir. 
Deep fascia usually consists of dense, organized connec- 
tive tissue. The outer layer of deep fascia is attached to 


the deep surface of the superficial fascia and forms a 
thin fibrous covering over most of the deeper region of 
the body. Inward extensions of this fascial layer form 
intermuscular septa that compartmentalize groups of 
muscles with similar functions and innervations. Other 
extensions surround individual muscles and groups of 
vessels and nerves, forming an investing fascia. Near 
some joints the deep fascia thickens, forming retinac- 
ula. These fascial retinacula hold tendons in place and 
prevent them from bowing during movements at the 
joints. Finally, there is a layer of deep fascia separating 
the membrane lining the abdominal cavity (the parietal 
peritoneum) from the fascia covering the deep surface 
of the muscles of the abdominal wall (the transversalis 
fascia). This layer is referred to as extraperitoneal 
fascia. A similar layer of fascia in the thorax is termed 
the endothoracic fascia. 


In the clinic 


The importance of fascias 

A fascia is a thin band of tissue that surrounds muscles, 
bones, organs, nerves, and blood vessels and often 
remains uninterrupted as a three-dimensional structure 
between tissues. It provides important support for 
tissues and can provide a boundary between structures. 

Fascias have specific dynamic properties and may be 
relatively elastic where necessary. They contain small 
blood vessels and tissue receptors and can respond to 
injury like any other tissue. 

Clinically, fascias are extremely important because 
they often limit the spread of infection and malignant 
disease. When infection or malignant diseases cross a 
fascial plain, a primary surgical clearance may require a 
far more extensive dissection to render the area free of 
tumor or infection. 

A typical example of a fascial layer would be that 
overlying the psoas muscle. Infection within an 
intervertebral body secondary to tuberculosis can pass 
laterally into the psoas muscle. Pus fills the psoas 
muscle but is limited from further spread by the psoas 
fascia, which surrounds the muscle and extends 
inferiorly into the groin pointing below the inguinal 
ligament. 


MUSCULAR SYSTEM 


The muscular system is generally regarded as consisting 
of one type of muscle found in the body—skeletal muscle. 
However, there are two other types of muscle tissue found 
in the body, smooth muscle and cardiac muscle, that are 
important components of other systems. These three types 
of muscle can be characterized by whether they are con- 
trolled voluntarily or involuntarily, whether they appear 
striated (striped) or smooth, and whether they are associ- 
ated with the body wall (somatic), or with organs and 
blood vessels (visceral). 


= Skeletal muscle forms the majority of the muscle tissue 
in the body. It consists of parallel bundles of long, mul- 
tinucleated fibers with transverse stripes, is capable of 
powerful contractions, and is innervated by somatic 
and branchial motor nerves. This muscle is used to 
move bones and other structures, and provides support 
and gives form to the body. Individual skeletal muscles 
are often named on the basis of shape (e.g., rhomboid 
major muscle), attachments (e.g., sternohyoid muscle), 
function (e.g., flexor pollicis longus muscle), position 
(e.g., palmar interosseous muscle), or fiber orientation 
(e.g., external oblique muscle). 

= Cardiac muscle is striated muscle found only in the 
walls of the heart (myocardium) and in some of the 
large vessels close to where they join the heart. It con- 
sists of a branching network of individual cells linked 
electrically and mechanically to work as a unit. Its con- 
tractions are less powerful than those of skeletal muscle 
and it is resistant to fatigue. Cardiac muscle is inner- 
vated by visceral motor nerves. 

= Smooth muscle (absence of stripes) consists of elon- 
gated or spindle-shaped fibers capable of slow and sus- 
tained contractions. It is found in the walls of blood 
vessels (tunica media), associated with hair follicles in 
the skin, located in the eyeball, and found in the walls 
of various structures associated with the gastrointesti- 
nal, respiratory, genitourinary, and urogenital sys- 
tems. Smooth muscle is innervated by visceral motor 
nerves. 
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In the clinic 


Muscle paralysis 

Muscle paralysis is the inability to move a specific muscle 
or muscle group and may be associated with other 
neurological abnormalities, including loss of sensation. 
Paralysis may be due to abnormalities in the brain, the 
spinal cord, and the nerves supplying the muscles. 
Paralysis may also be caused by drugs that affect the 
neurotransmitters at the nerve endings and their action 
upon the muscle themselves. Major causes include 
stroke, trauma, poliomyelitis, and iatrogenic factors. 

In the long term, muscle paralysis will produce 
secondary muscle wasting and overall atrophy of the 
region due to disuse. 

Certain drugs used in anesthesia affect the 
neurotransmitters at the neuromuscular junction, in 
effect paralyzing the muscle. This has two results. First, 
it enables the operator to enter the region of the body 
without agonistic and antagonistic patient muscle 
response, making the procedure easier to perform. 
Second, muscle paralysis prevents the patient from 
breathing, which requires the anesthetist to 
mechanically ventilate the patient. Importantly, 
there are specific drugs that reverse the muscle 
paralysis drugs, which can be used at the end of the 
procedure. 


In the clinic 


Muscle injuries and strains 
Muscle injuries and strains tend to occur in specific muscle 
groups and usually are related to a sudden exertion and 
muscle disruption. They typically occur in athletes. 

Muscle tears may involve a small interstitial injury up to 
a complete muscle disruption (Fig. 1.27). It is important to 


Torn right adductor longus 





Normal left adductor longus 


In the clinic 


Muscle atrophy 

Muscle atrophy is a wasting disorder of muscle. It can 
be produced by a variety of causes, which include nerve 
damage to the muscle, and disuse. 

Muscle atrophy is an important problem in patients 
who have undergone long-term rest or disuse, requiring 
extensive rehabilitation and muscle building exercises 
to maintain normal activities of daily living. 

Muscle atrophy can be a considerable problem in the 
postsurgical patient who has undergone anterior 
cruciate ligament reconstruction. In patients with 
anterior cruciate ligament disruption there is often 
marked muscle wasting of the quadriceps, which occurs 
rapidly because of disuse. Before reconstruction of the 
cruciate ligament, patients will have to undergo a 
course of physiotherapy to increase muscle bulk. After 
the operation, this improved muscle bulk will lead to 
quicker return to normal daily living and will prevent 
the possibility of graft dysfunction. 


identify which muscle groups are affected and the extent 
of the tear to facilitate treatment and obtain a prognosis, 
which will determine the length of rehabilitation 
necessary to return to normal activity. 


10 cm 


Fig. 1.27 Axial inversion recovery series, which 
suppresses fat and soft tissue and leaves high 
signal intensity where fluid is seen. A muscle 
tear in the right adductor longus with edema 
in and around the muscle is shown. 


CARDIOVASCULAR SYSTEM 


The cardiovascular system consists of the heart, which 
pumps blood throughout the body, and the blood vessels, 
which are a closed network of tubes that transport the 
blood. There are three types of blood vessels: 


= arteries, which transport blood away from the heart; 

= veins, which transport blood toward the heart; 

= capillaries, which connect the arteries and veins, are 
the smallest of the blood vessels, and are where 
oxygen, nutrients, and wastes are exchanged within 
the tissues. 


The walls of the blood vessels of the cardiovascular 
system usually consist of three layers or tunics: 


= tunica externa (adventitia)—the outer connective 
tissue layer; 

= tunica media—the middle smooth muscle layer (may 
also contain varying amounts of elastic fibers in 
medium and large arteries); 

= tunica intima—the inner endothelial lining of the blood 
vessels. 


Arteries are usually further subdivided into three classes, 
according to the variable amounts of smooth muscle and 
elastic fibers contributing to the thickness of the tunica 
media, the overall size of the vessel, and its function. 


= Large elastic arteries contain substantial amounts of 
elastic fibers in the tunica media, allowing expansion 
and recoil during the normal cardiac cycle. This 
helps maintain a constant flow of blood during dias- 
tole. Examples of large elastic arteries are the aorta, 
the brachiocephalic trunk, the left common carotid 
artery, the left subclavian artery, and the pulmonary 
trunk. 

= Medium muscular arteries are composed of a tunica 
media that contains mostly smooth muscle fibers. This 
characteristic allows these vessels to regulate their 
diameter and control the flow of blood to different parts 
of the body. Examples of medium muscular arteries are 
most of the named arteries, including the femoral, axil- 
lary, and radial arteries. 

= Small arteries and arterioles control the filling of the 
capillaries and directly contribute to the arterial pres- 
sure in the vascular system. 


Veins also are subdivided into three classes. 


= Large veins contain some smooth muscle in the tunica 
media, but the thickest layer is the tunica externa. 


Examples of large veins are the superior vena cava, the 
inferior vena cava, and the portal vein. 

= Small and medium veins contain small amounts of 
smooth muscle, and the thickest layer is the tunica 
externa. Examples of small and medium veins are 
superficial veins in the upper and lower limbs and 
deeper veins of the leg and forearm. 

= Venules are the smallest veins 
capillaries. 


and drain the 


Although veins are similar in general structure to arter- 
ies, they have a number of distinguishing features. 


= The walls of veins, specifically the tunica media, are 
thin. 
The luminal diameters of veins are large. 
There often are multiple veins (venae comitantes) 
closely associated with arteries in peripheral regions. 

= Valves often are present in veins, particularly in periph- 
eral vessels inferior to the level of the heart. These are 
usually paired cusps that facilitate blood flow toward 
the heart. 


More specific information about the cardiovascular 
system and how it relates to the circulation of blood 
throughout the body will be discussed, where appropriate, 
in each of the succeeding chapters of the text. 


In the clinic 


Atherosclerosis 

Atherosclerosis is a disease that affects arteries. There is 
a chronic inflammatory reaction in the walls of the 
arteries, with deposition of cholesterol and fatty 
proteins. This may in turn lead to secondary 
calcification, with reduction in the diameter of the 
vessels impeding distal flow. The plaque itself may be a 
site for attraction of platelets that may “fall off” 
(embolize) distally. Plaque fissuring may occur, which 
allows fresh clots to form and occlude the vessel. 

The importance of atherosclerosis and its effects 
depend upon which vessel is affected. If atherosclerosis 
occurs in the carotid artery, small emboli may form and 
produce a stroke. In the heart, plaque fissuring may 
produce an acute vessel thrombosis, producing a 
myocardial infarction (heart attack). In the legs, chronic 
narrowing of vessels may limit the ability of the patient 
to walk and ultimately cause distal ischemia and 
gangrene of the toes. 
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In the clinic 


Varicose veins 

Varicose veins are tortuous dilated veins that typically 
occur in the legs, although they may occur in the 
superficial veins of the arm and in other organs. 

In normal individuals the movement of adjacent leg 
muscles pumps the blood in the veins to the heart. Blood 
is also pumped from the superficial veins through the 
investing layer of fascia of the leg into the deep veins. 
Valves in these perforating veins may become damaged, 
allowing blood to pass in the opposite direction. This 
increased volume and pressure produces dilatation and 
tortuosity of the superficial veins (Fig. 1.28). Apart from 
the unsightliness of larger veins, the skin may become 
pigmented and atrophic with a poor response to tissue 
damage. In some patients even small trauma may produce 
skin ulceration, which requires elevation of the limb and 
application of pressure bandages to heal. 

Treatment of varicose veins depends on their location, 
size, and severity. Typically the superficial varicose veins 
can be excised and stripped, allowing blood only to drain 
into the deep system. 


In the clinic 


Anastomoses and collateral circulation 

All organs require a blood supply from the arteries and 
drainage by veins. Within most organs there are multiple 
ways of perfusing the tissue such that if the main vessel 
feeding the organ or vein draining the organ is blocked, a 
series of smaller vessels (collateral vessels) continue to 
supply and drain the organ. 

In certain circumstances, organs have more than one 
vessel perfusing them, such as the hand, which is supplied 
by the radial and ulnar arteries. Loss of either the radial or 
the ulnar artery may not produce any symptoms of 
reduced perfusion to the hand. 

There are circumstances in which loss of a vein 
produces significant venous collateralization. Some of 
these venous collaterals become susceptible to bleeding. 
This is a considerable problem in patients who have 


Varicose veins 





Fig. 1.28 Photograph demonstrating varicose veins. 


undergone portal vein thrombosis or occlusion, 

where venous drainage from the gut bypasses the liver 
through collateral veins to return to the systemic 
circulation. 

Normal vascular anastomoses associated with an organ 
are important. Some organs, such as the duodenum, have 
a dual blood supply arising from the branches of the 
celiac trunk and also from the branches of the superior 
mesenteric artery. Should either of these vessels be 
damaged, blood supply will be maintained to the organ. 
The brain, however, has multiple vessels supplying it, 
dominated by the carotid arteries and the vertebral 
arteries. Vessels within the brain are end arteries and have 
a poor collateral circulation; hence any occlusion will 
produce long-term cerebral damage. 


LYMPHATIC SYSTEM 


Lymphatic vessels 


Lymphatic vessels form an extensive and complex inter- 
connected network of channels, which begin as “porous” 
blind-ended lymphatic capillaries in tissues of the body and 
converge to form a number of larger vessels, which ulti- 
mately connect with large veins in the root of the neck. 
Lymphatic vessels mainly collect fluid lost from vascular 
capillary beds during nutrient exchange processes and 
deliver it back to the venous side of the vascular system 
(Fig. 1.29). Also included in this interstitial fluid that drains 
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into the lymphatic capillaries are pathogens, cells of the 
lymphocytic system, cell products (such as hormones), and 
cell debris. 

In the small intestine, certain fats absorbed and proc- 
essed by the intestinal epithelium are packaged into 
protein-coated lipid droplets (chylomicrons), which are 
released from the epithelial cells and enter the interstitial 
compartment. Together with other components of the 
interstitial fluid, the chylomicrons drain into lymphatic 
capillaries (known as lacteals in the small intestine) and 
are ultimately delivered to the venous system in the neck. 
The lymphatic system is therefore also a major route of 
transport for fat absorbed by the gut. 
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Lymphatic capillaries 


Fig. 1.29 Lymphatic vessels mainly collect fluid lost from vascular capillary beds during nutrient exchange processes and deliver it back to 


the venous side of the vascular system. 





31 





32 


The body 


The fluid in most lymphatic vessels is clear and colorless 
and is known as lymph. That carried by lymphatic vessels 
from the small intestine is opaque and milky because of the 
presence of chylomicrons and is termed chyle. 

There are lymphatic vessels in most areas of the body 
except the brain, bone marrow, and avascular tissues such 
as epithelia and cartilage. 

The movement of lymph through the lymphatic vessels 
is generated mainly by the indirect action of adjacent 
structures, particularly by contraction of skeletal muscles 
and pulses in arteries. Unidirectional flow is maintained by 
the presence of valves in the vessels. 


Lymph nodes 


Lymph nodes are small (0.1-2.5 cm long) encapsulated 
structures that interrupt the course of lymphatic vessels 
and contain elements of the body’s defense system, such as 
clusters of lymphocytes and macrophages. They act as 
elaborate filters that trap and phagocytose particulate 
matter in the lymph that percolates through them. In addi- 
tion, they detect and defend against foreign antigens that 
are also carried in the lymph. 

Because lymph nodes are efficient filters and flow 
through them is slow, cells that metastasize from (migrate 
away from) primary tumors and enter lymphatic vessels 
often lodge and grow as secondary tumors in lymph nodes. 
Lymph nodes that drain regions that are infected or con- 
tain other forms of disease can enlarge or undergo certain 
physical changes, such as becoming “hard” or “tender.” 
These changes can be used by clinicians to detect patho- 
logic changes or to track spread of disease. 

A number of regions in the body are associated with 
clusters or a particular abundance of lymph nodes (Fig. 
1.30). Not surprisingly, nodes in many of these regions 
drain the body’s surface, the digestive system, or the respi- 
ratory system. All three of these areas are high-risk sites 
for the entry of foreign pathogens. 

Lymph nodes are abundant and accessible to palpation 
in the axilla, the groin and femoral region, and the neck. 
Deep sites that are not palpable include those associated 
with the trachea and bronchi in the thorax, and with the 
aorta and its branches in the abdomen. 


Lymphatic trunks and ducts 


All lymphatic vessels coalesce to form larger trunks 
or ducts, which drain into the venous system at sites 
in the neck where the internal jugular veins join the 
subclavian veins to form the brachiocephalic veins (Fig. 
1.31): 
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Fig. 1.30 Regions associated with clusters or a particular 
abundance of lymph nodes. 
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Fig. 1.31 Major lymphatic vessels that drain into large veins in the 
neck. 





= Lymph from the right side of the head and neck, the Specific information about the organization of the lym- 
right upper limb, right side of the thorax, and right side phatic system in each region of the body is discussed in the 
of the upper and more superficial region of the abdomi- appropriate chapter. 
nal wall is carried by lymphatic vessels that connect 
with veins on the right side of the neck; 

= lymph from all other regions of the body is carried by 
lymphatic vessels that drain into veins on the left side 
of the neck. 


In the clinic 


Lymph nodes tender. Similarly, in patients with malignancy the 
Lymph nodes are efficient filters and have an internal lymphatics may drain metastasizing cells to the lymph 
honeycomb of reticular connective tissue filled with nodes. These can become enlarged and inflamed and will 
lymphocytes. These lymphocytes act on bacteria, viruses, need to be removed if clinically symptomatic. 
and other bodily cells to destroy them. Lymph nodes tend Lymph nodes may become diffusely enlarged 
to drain specific areas, and if infection occurs within a in certain systemic illnesses (for example, viral 
drainage area, the lymph node will become active. The infection), or local groups may become enlarged with 
rapid cell turnover and production of local inflammatory primary lymph node malignancies, such as lymphoma 
mediators may cause the node to enlarge and become (Fig. 32). 

Left carotid artery B Anterior mediastinal mass (lymphoma) 
A Thyroid gland Left jugular vein 





Lymph nodes 





Superior vena cava , Thoracic aorta 
Ascending aorta 


Fig. 1.32 A. This computed tomogram with contrast, in the axial plane, demonstrates the normal common carotid arteries and internal 
jugular veins with numerous other nonenhancing nodules that represent lymph nodes in a patient with lymphoma. B. This computed 
tomogram with contrast, in the axial plane, demonstrates a large anterior soft-tissue mediastinal mass that represents a lymphoma. 
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NERVOUS SYSTEM 


The nervous system can be separated into parts based on 
structure and on function: 


structurally, it can be divided into the central nervous 
system (CNS) and the peripheral nervous system (PNS) 
(Fig. 1.33); 

functionally, it can be divided into somatic and visceral 
parts. 


The CNS is composed of the brain and spinal cord, both 
of which develop from the neural tube in the embryo. 

The PNS is composed of all nervous structures outside 
the CNS that connect the CNS to the body. Elements of this 
system develop from neural crest cells and as outgrowths of 
the CNS. The PNS consists of the spinal and cranial nerves, 
visceral nerves and plexuses, and the enteric system. The 
detailed anatomy of a typical spinal nerve is described in 
Chapter 2, asis the way spinal nerves are numbered. Cranial 
nerves are described in Chapter 8. The details of nerve plex- 
uses are described in chapters dealing with the specific 
regions in which the plexuses are located. 


Central nervous system 
Brain 


The parts of the brain are the cerebral hemispheres, the 
cerebellum, and the brainstem. The cerebral hemispheres 
consist of an outer portion, or the gray matter, containing 
cell bodies, an inner portion, or the white matter, made up 
of axons forming tracts or pathways, and the ventricles, 
which are spaces filled with cerebrospinal fluid (CSF). 

The cerebellum has two lateral lobes and a midline 
portion. The components of the brainstem are classically 
defined as the diencephalon, midbrain, pons, and medulla. 
However, in common usage today, the term “brainstem” 
usually refers to the midbrain, pons, and medulla. 

A further discussion of the brain can be found in 
Chapter 8. 


Spinal cord 


The spinal cord is the part of the CNS in the superior two- 
thirds of the vertebral canal. It is roughly cylindrical in 
shape, and is circular to oval in cross-section with a central 
canal. A further discussion of the spinal cord can be found 
in Chapter 2. 


Peripheral nervous Central nervous 
system (PNS) system (CNS) 
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Fig. 1.33 CNS and PNS. 
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Fig. 1.34 Arrangement of meninges in the cranial cavity. 


Meninges 


The meninges (Fig. 1.34) are three connective tissue cov- 
erings that surround, protect, and suspend the brain and 
spinal cord within the cranial cavity and vertebral canal, 
respectively: 


= the dura mater is the thickest and most external of the 
coverings; 

= the arachnoid mater is against the internal surface of 
the dura mater; 

= the pia mater is adherent to the brain and spinal cord. 


Between the arachnoid and pia mater is the subarach- 
noid space, which contains CSF. 

A further discussion of the cranial meninges can be 
found in Chapter 8 and of the spinal meninges in Chapter 
2 


Functional subdivisions of 
the CNS 


Functionally, the nervous system can be divided into 
somatic and visceral parts. 


= The somatic part (soma, from the Greek for “body”) 
innervates structures (skin and most skeletal muscle) 
derived from somites in the embryo, and is mainly 
involved with receiving and responding to information 
from the external environment. 

= The visceral part (viscera, from the Greek for “guts”) 
innervates organ systems in the body and other visceral 
elements, such as smooth muscle and glands, in periph- 
eral regions of the body. Itis concerned mainly with 
detecting and responding to information from the 
internal environment. 


Somatic part of the nervous system 


The somatic part of the nervous system consists of: 


= nerves that carry conscious sensations from peripheral 
regions back to the CNS; and 
= nerves that innervate voluntary muscles. 


Somatic nerves arise segmentally along the developing 
CNS in association with somites, which are themselves 
arranged segmentally along each side of the neural tube 
(Fig. 1.35). Part of each somite (the dermatomyotome) 
gives rise to skeletal muscle and the dermis of the skin. As 
cells of the dermatomyotome differentiate, they migrate 
into posterior (dorsal) and anterior (ventral) areas of the 
developing body: 


= cells that migrate anteriorly give rise to muscles of the 
limbs and trunk (hypaxial muscles) and to the associ- 
ated dermis; 

= cells that migrate posteriorly give rise to the intrinsic 
muscles of the back (epaxial muscles) and the associ- 
ated dermis. 
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Fig. 1.35 Differentiation of somites in a “tubular” embryo. 


Developing nerve cells within anterior regions of the 
neural tube extend processes peripherally into posterior 
and anterior regions of the differentiating dermatomyo- 
tome of each somite (Fig. 1.36). 

Simultaneously, derivatives of neural crest cells (cells 
derived from neural folds during formation of the neural 
tube) differentiate into neurons on each side of the neural 
tube and extend processes both medially and laterally 
(Fig. 1.37): 


= medial processes pass into the posterior aspect of the 
neural tube; 
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= lateral processes pass into the differentiating regions of 
the adjacent dermatomyotome. 


Neurons that develop from neurons within the spinal 
cord are motor neurons and those that develop from 
neural crest cells are sensory neurons. 

Somatic sensory and somatic motor fibers that are orga- 
nized segmentally along the neural tube become parts of 
all spinal nerves and some cranial nerves. 

The clusters of sensory nerve cell bodies derived from 
neural crest cells and located outside the CNS form sensory 
ganglia. 
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Fig. 1.36 Somatic motor neurons. 
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Fig. 1.37 Somatic sensory neurons. Blue lines indicate motor nerves and red lines indicate sensory nerves. 37 
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Generally, all sensory information passes into the pos- 
terior aspect of the spinal cord, and all motor fibers leave 
anteriorly. 

Somatic sensory neurons carry information from the 
periphery into the CNS and are also called somatic 
sensory afferents or general somatic afferents (GSAs). 
The modalities carried by these nerves include tempera- 
ture, pain, touch, and proprioception. Proprioception is the 
sense of determining the position and movement of the 
musculoskeletal system detected by special receptors in 
muscles and tendons. 

Somatic motor fibers carry information away from 
the CNS to skeletal muscles and are also called somatic 
motor efferents or general somatic efferents (GSEs). 
Like somatic sensory fibers that come from the periphery, 
somatic motor fibers can be very long. They extend from 


cell bodies in the spinal cord to the muscle cells they 
innervate. 


Dermatomes 


Because cells from a specific somite develop into the dermis 
of the skin in a precise location, somatic sensory fibers 
originally associated with that somite enter the posterior 
region of the spinal cord at a specific level and become part 
of one specific spinal nerve (Fig. 1.38). Each spinal nerve 
therefore carries somatic sensory information from a spe- 
cific area of skin on the surface of the body. A dermatome 
is that area of skin supplied by a single spinal cord level, or 
on one side, by a single spinal nerve. 

There is overlap in the distribution of dermatomes, 
but usually a specific region within each dermatome can 
be identified as an area supplied by a single spinal cord 
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Fig. 1.38 Dermatomes. 
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Skin on the lateral side of the forearm and on the 

thumb is innervated by C6 spinal level (spinal nerve). 

The dermis of the skin in this region develops from the somite 
initially associated with the C6 level of the developing spinal cord 


level. Testing touch in these autonomous zones in a 
conscious patient can be used to localize lesions to a 
specific spinal nerve or to a specific level in the spinal 
cord. 


Myotomes 


Somatic motor nerves that were originally associated with 
a specific somite emerge from the anterior region of the 
spinal cord and, together with sensory nerves from the 
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Fig. 139 Myotomes. 


Muscles that abduct the arm are innervated 
by C5 and C6 spinal levels (Spinal nerves) 
and develop from somites initially associated 
with C5 and C6 regions of developing spinal cord 


same level, become part of one spinal nerve. Therefore 
each spinal nerve carries somatic motor fibers to muscles 
that originally developed from the related somite. A 
myotome is that portion of a skeletal muscle innervated 
by a single spinal cord level or, on one side, by a single 
spinal nerve. 

Myotomes are generally more difficult to test than der- 
matomes, because each skeletal muscle in the body is 
usually innervated by nerves derived from more than one 
spinal cord level (Fig. 1.39). 


C6 segment of spinal cord 
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The body 


Testing movements at successive joints can help in 


localizing lesions to specific nerves or to a specific spinal 
cord level. For example: 


= muscles that move the shoulder joint are innervated 


mainly by spinal nerves from spinal cord levels C5 and 
Co; 


In the clinic 


Dermatomes and myotomes 


A knowledge of dermatomes and myotomes is absolutely 
fundamental to carrying out a neurological examination. A 
typical dermatome map is shown in Fig. 1.40. 


Clinically, a dermatome is that area of skin supplied by 
a single nerve or spinal cord level. A myotome is that 
region of skeletal muscle innervated by a single nerve or 
spinal cord level. Most individual muscles of the body are 
innervated by more than one spinal cord level, so the 
evaluation of myotomes is usually accomplished by 
testing movements of joints or muscle groups. 

Visceral parts of the body are also innervated 
segmentally. For example, pain fibers from the heart enter 
the spinal cord at a more superior level (approximately T1 
to T4) than those from the appendix (T10). 


Fig. 1.40 Dermatomes (anterior view). 


(Trigeminal nerve) [Vo] 


muscles that move the elbow are innervated mainly by 
spinal nerves from spinal cord levels C6 and C7; and 
muscles in the hand are innervated mainly by spinal 
nerves from spinal cord levels C8 and T1. 





Cranial nerve [V] 





Visceral part of the nervous system 


The visceral part of the nervous system, as in the somatic 
part, consists of motor and sensory components: 


sensory nerves monitor changes in the viscera; 
motor nerves mainly innervate smooth muscle, cardiac 
muscle, and glands. 


The visceral motor component is commonly referred to 
as the autonomic division of the PNS and is subdivided 
into sympathetic and parasympathetic parts. 


Visceral motor ganglion 


Visceral sensory neuron develops 
from neural crest and becomes 
part of spinal ganglion 


Visceral motor 
preganglionic 
neuron in lateral 
region of CNS 
(Spinal cord) 


Body cavity 
(coelom) 


Like the somatic part of the nervous system, the visceral 
part is segmentally arranged and develops in a parallel 
fashion (Fig. 1.41). 

Visceral sensory neurons that arise from neural crest 
cells send processes medially into the adjacent neural tube 
and laterally into regions associated with the developing 
body. These sensory neurons and their processes, referred 
to as general visceral afferent fibers (GVAs), are associ- 
ated primarily with chemoreception, mechanoreception, 
and stretch reception. 


Part of neural crest developing 
into spinal ganglia 









= 
ee 


he ee al 
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Sensory nerve ending 


Motor nerve ending associated with viscera 


Postganglionic motor neuron is outside CNS. Developing gastrointestinal tract 


An aggregation of postganglionic neuronal cell 
bodies forms a peripheral visceral motor ganglion 


Fig. 1.41 Development of the visceral part of the nervous system. 
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The body 


Visceral motor neurons that arise from cells in lateral 
regions of the neural tube send processes out of the ante- 
rior aspect of the tube. Unlike in the somatic part, these 
processes, containing general visceral efferent fibers (GVEs), 
synapse with other cells, usually other visceral motor 
neurons, that develop outside the CNS from neural crest 
cells that migrate away from their original positions close 
to the developing neural tube. 

The visceral motor neurons located in the spinal cord 
are referred to as preganglionic motor neurons and their 
axons are called preganglionic fibers; the visceral motor 
neurons located outside the CNS are referred to as postgan- 
glionic motor neurons and their axons are called postgan- 
glionic fibers. 

The cell bodies of the visceral motor neurons outside the 
CNS often associate with each other in a discrete mass 
called a ganglion. 

Visceral sensory and motor fibers enter and leave the 
CNS with their somatic equivalents (Fig. 1.42). Visceral 
sensory fibers enter the spinal cord together with somatic 
sensory fibers through posterior roots of spinal nerves. Pre- 
ganglionic fibers of visceral motor neurons exit the spinal 
cord in the anterior roots of spinal nerves along with fibers 
from somatic motor neurons. 

Postganglionic fibers traveling to visceral elements in 
the periphery are found in the posterior and anterior rami 
(branches) of spinal nerves. 

Visceral motor and sensory fibers that travel to and from 
viscera form named visceral branches that are separate 
from the somatic branches. These nerves generally form 
plexuses from which arise branches to the viscera. 

Visceral motor and sensory fibers do not enter and leave 
the CNS at all levels (Fig. 1.43): 
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Fig. 1.42 Basic anatomy of a thoracic spinal nerve. 


in the cranial region, visceral components are associ- 
ated with four of the twelve cranial nerves (CN HI, VII, 
IX, and X); 

in the spinal cord, visceral components are associated 
mainly with spinal cord levels T1 to L2 and S2 to S4. 


Visceral motor components associated with spinal levels 
T1 to L2 are termed sympathetic. Those visceral motor 
components in cranial and sacral regions, on either side of 
the sympathetic region, are termed parasympathetic: 


the sympathetic system innervates structures in periph- 





eral regions of the body and viscera; 
vation of the viscera only. 
Brainstem 
cranial nerves q ; 
III, VIL IX, X | 
Sympathetic 
T1 to L2 
spinal segments 
S2 to S4 
spinal segments 
Fig. 1.43 Parts of the CNS associated with visceral motor 


the parasympathetic system is more restricted to inner- 
Parasympathetic 
components. 


Sympathetic system 


The sympathetic part of the autonomic division of the PNS 
leaves thoracolumbar regions of the spinal cord with the 
somatic components of spinal nerves T1 to L2 (Fig. 1.44). On 
each side, a paravertebral sympathetic trunk extends from 
the base of the skull to the inferior end of the vertebral column 










Peripheral 


Sympathetic nerves follow 
somatic nerves to periphery 
(glands, smooth muscle) 


Ganglion impar 


Fig. 1.44 Sympathetic part of the autonomic division of the PNS. 
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where the two trunks converge anteriorly to the coccyx at 
the ganglion impar. Each trunk is attached to the anterior 
rami of spinal nerves and becomes the route by which sym- 
pathetics are distributed to the periphery and all viscera. 
Visceral motor preganglionic fibers leave the T1 to L2 
part of the spinal cord in anterior roots. The fibers then 
enter the spinal nerves, pass through the anterior rami and 
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The body 


into the sympathetic trunks. One trunk is located on each 
side of the vertebral column (paravertebral) and positioned 
anterior to the anterior rami. Along the trunk is a series of 
segmentally arranged ganglia formed from collections of 
postganglionic neuronal cell bodies where the pregangli- 
onic neurons synapse with postganglionic neurons. Ante- 
rior rami of T1 to L2 are connected to the sympathetic 
trunk or to a ganglion, by a white ramus communicans, 
which carries preganglionic sympathetic fibers and appears 
white because the fibers it contains are myelinated. 

Preganglionic sympathetic fibers that enter a paraver- 
tebral ganglion or the sympathetic trunk through a white 
ramus communicans may provide the following. 


Peripheral sympathetic innervation 

at the level of origin of the 
preganglionic fiber 

Preganglionic sympathetic fibers may synapse with post- 
ganglionic motor neurons in ganglia associated with the 
sympathetic trunk, after which postganglionic fibers enter 
the same anterior ramus and are distributed with periph- 


Peripheral distribution of sympathetics 
carried peripherally by terminal cutaneous 
branches of spinal nerve T1 to L2 


Posterior 


eral branches of the posterior and anterior rami of that 
spinal nerve (Fig. 1.45). The fibers innervate structures at 
the periphery of the body in regions supplied by the spinal 
nerve. The gray ramus communicans connects the sym- 
pathetic trunk or a ganglion to the anterior ramus and 
contains the postganglionic sympathetic fibers. It appears 
gray because postganglionic fibers are nonmyelinated. The 
gray ramus communicans is positioned medial to the white 
ramus communicans. 


Peripheral sympathetic innervation 
above or below the level of origin of the 
preganglionic fiber 


Preganglionic sympathetic fibers may ascend or descend to 
other vertebral levels where they synapse in ganglia asso- 
ciated with spinal nerves that may or may not have vis- 
ceral motor input directly from the spinal cord (i.e., those 
nerves other than T1 to L2) (Fig. 1.46). 

The postganglionic fibers leave the distant ganglia via 
gray rami communicantes and are distributed along the 
posterior and anterior rami of the spinal nerves. 
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Fig. 1.45 Course of sympathetic fibers that travel to the periphery in the same spinal nerves in which they travel out of the spinal cord. 
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Fig. 1.46 Course of sympathetic nerves that travel to the periphery in spinal nerves that are not the ones through which they left the spinal 


cord. 


The ascending and descending fibers, together with all 
the ganglia, form the paravertebral sympathetic trunk, 
which extends the entire length of the vertebral column. 
The formation of this trunk, on each side, enables visceral 
motor fibers of the sympathetic part of the autonomic 
division of the PNS, which ultimately emerge from only a 
small region of the spinal cord (T1 to L2), to be distributed 
to peripheral regions innervated by all spinal nerves. 

White rami communicantes only occur in association 
with spinal nerves T1 to L2, whereas gray rami communi- 
cantes are associated with all spinal nerves. 

Fibers from spinal cord levels T1 to T5 pass predomi- 
nantly superiorly, whereas fibers from T5 to L2 pass infe- 
riorly. All sympathetics passing into the head have 
preganglionic fibers that emerge from spinal cord level T1 
and ascend in the sympathetic trunks to the highest gan- 
glion in the neck (the superior cervical ganglion), where 
they synapse. Postganglionic fibers then travel along blood 


vessels to target tissues in the head, including blood vessels, 
sweat glands, small smooth muscles associated with the 
upper eyelids, and the dilator of the pupil. 


Sympathetic innervation of thoracic and 
cervical viscera 


Preganglionic sympathetic fibers may synapse with post- 
ganglionic motor neurons in ganglia and then leave the 
ganglia medially to innervate thoracic or cervical viscera 
(Fig. 1.47). They may ascend in the trunk before synaps- 
ing, and after synapsing the postganglionic fibers may 
combine with those from other levels to form named vis- 
ceral nerves, such as cardiac nerves. Often, these nerves 
join branches from the parasympathetic system to form 
plexuses on or near the surface of the target organ, for 
example, the cardiac and pulmonary plexuses. Branches of 
the plexus innervate the organ. Spinal cord levels T1 to T5 
mainly innervate cranial, cervical, and thoracic viscera. 
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Sympathetic cardiac nerves 


Cardiac plexus 





Fig. 1.47 Course of sympathetic nerves traveling to the heart. 


Sympathetic innervation of the abdomen 
and pelvic regions and the adrenals 


Preganglionic sympathetic fibers may pass through the 
sympathetic trunk and paravertebral ganglia without syn- 
apsing and, together with similar fibers from other levels, 
form splanchnic nerves (greater, lesser, least, lumbar, 
and sacral), which pass into the abdomen and pelvic 
regions (Fig. 1.48). The preganglionic fibers in these nerves 
are derived from spinal cord levels T5 to L2. 

The splanchnic nerves generally connect with sympa- 
thetic ganglia around the roots of major arteries that 
branch from the abdominal aorta. These ganglia are part 
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White ramus 
communicans 







Sympathetic cardiac nerves 


of a large prevertebral plexus that also has input from the 
parasympathetic part of the autonomic division of the PNS. 
Postganglionic sympathetic fibers are distributed in exten- 
sions of this plexus, predominantly along arteries, to viscera 
in the abdomen and pelvis. 

Some of the preganglionic fibers in the prevertebral 
plexus do not synapse in the sympathetic ganglia of the 
plexus, but pass through the system to the adrenal gland 
where they synapse directly with cells of the adrenal 
medulla. These cells are homologues of sympathetic post- 
ganglionic neurons and secrete adrenaline and noradrena- 
line into the vascular system. 
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Fig. 1.48 Course of sympathetic nerves traveling to abdominal and pelvic viscera. 
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Fig. 1.49 Parasympathetic part of the autonomic division of the PNS. 


Parasympathetic system 


The parasympathetic part of the autonomic division of the and neck only, whereas X (the vagus nerve) also inner- 

PNS (Fig. 1.49) leaves cranial and sacral regions of the vates thoracic and most abdominal viscera; and 

CNS in association with: = spinal nerves S2 to S4: sacral parasympathetic fibers 
innervate inferior abdominal viscera, pelvic viscera, 

= cranial nerves III, VII, IX, and X: II, VII, and IX carry and the arteries associated with erectile tissues of the 


48 parasympathetic fibers to structures within the head perineum. 


Like the visceral motor nerves of the sympathetic part, 
the visceral motor nerves of the parasympathetic part gen- 
erally have two neurons in the pathway. The pregangli- 
onic neurons are in the CNS, and fibers leave in the cranial 
nerves. 


Sacral preganglionic 
parasympathetic fibers 


In the sacral region, the preganglionic parasympathetic 
fibers form special visceral nerves (the pelvic splanchnic 
nerves), which originate from the anterior rami of S2 to 
S4 and enter pelvic extensions of the large prevertebral 
plexus formed around the abdominal aorta. These fibers 
are distributed to pelvic and abdominal viscera mainly 
along blood vessels. The postganglionic motor neurons are 
in the walls of the viscera. In organs of the gastrointestinal 
system, preganglionic fibers do not have a postganglionic 
parasympathetic motor neuron in the pathway; instead, 
preganglionic fibers synapse directly on neurons in the 
ganglia of the enteric system. 


Cranial nerve preganglionic 
parasympathetic fibers 


The preganglionic parasympathetic motor fibers in CN III, 
VII, and IX separate from the nerves and connect with one 
of four distinct ganglia, which house postganglionic motor 
neurons. These four ganglia are near major branches of CN 
V. Postganglionic fibers leave the ganglia, join the branches 
of CN V, and are carried to target tissues (salivary, mucous, 
and lacrimal glands; constrictor muscle of the pupil; and 
ciliary muscle in the eye) with these branches. 

The vagus nerve [X] gives rise to visceral branches along 
its course. These branches contribute to plexuses associ- 
ated with thoracic viscera or to the large prevertebral 
plexus in the abdomen and pelvis. Many of these plexuses 
also contain sympathetic fibers. 

When present, postganglionic parasympathetic neurons 
are in the walls of the target viscera. 


Visceral sensory innervation 
(visceral afferents) 


Visceral sensory fibers generally accompany visceral motor 
fibers. 


Visceral sensory fibers accompany 
sympathetic fibers 


Visceral sensory fibers follow the course of sympathetic 
fibers entering the spinal cord at similar spinal cord levels. 
However, visceral sensory fibers may also enter the spinal 
cord at levels other than those associated with motor 


output. For example, visceral sensory fibers from the heart 
may enter at levels higher than spinal cord level T1. Vis- 
ceral sensory fibers that accompany sympathetic fibers are 
mainly concerned with detecting pain. 


Visceral sensory fibers accompany 
parasympathetic fibers 


Visceral sensory fibers accompanying parasympathetic 
fibers are carried mainly in IX and X and in spinal nerves 
S2 to S4. 

Visceral sensory fibers in IX carry information from che- 
moreceptors and baroreceptors associated with the walls 
of major arteries in the neck, and from receptors in the 
pharynx. 

Visceral sensory fibers in X include those from cervical 
viscera, and major vessels and viscera in the thorax and 
abdomen. 

Visceral sensory fibers from pelvic viscera and the distal 
parts of the colon are carried in S2 to S4. 

Visceral sensory fibers associated with parasympathetic 
fibers primarily relay information to the CNS about the 
status of normal physiological processes and reflex 
activities. 


The enteric system 


The enteric nervous system consists of motor and sensory 
neurons and their support cells, which form two intercon- 
nected plexuses, the myenteric and submucous nerve 
plexuses, within the walls of the gastrointestinal tract 
(Fig. 1.50). Each of these plexuses is formed by: 


= ganglia, which house the nerve cell bodies and associ- 
ated cells; and 

= bundles of nerve fibers, which pass between ganglia 
and from the ganglia into surrounding tissues. 


Neurons in the enteric system are derived from 
neural crest cells originally associated with occipitocervi- 
cal and sacral regions. Interestingly, more neurons are 
reported to be in the enteric system than in the spinal cord 
itself. 

Sensory and motor neurons within the enteric system 
control reflex activity within and between parts of the 
gastrointestinal system. These reflexes regulate peristalsis, 
secretomotor activity, and vascular tone. These activities 
can occur independently of the brain and spinal cord, but 
can also be modified by input from preganglionic parasym- 
pathetic and postganglionic sympathetic fibers. 

Sensory information from the enteric system is carried 
back to the CNS by visceral sensory fibers. 
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Fig. 1.50 Enteric part of the nervous system. 


Nerve plexuses Somatic plexuses 


Nerve plexuses are either somatic or visceral and combine Major somatic plexuses formed from the anterior rami of 

fibers from different sources or levels to form new nerves spinal nerves are the cervical (C1 to C4), brachial (C5 to 

with specific targets or destinations (Fig. 1.51). Plexuses of T1), lumbar (L1 to L4), sacral (L4 to S4), and coccygeal (S5 

the enteric system also generate reflex activity independent to Co) plexuses. Except for spinal nerve T1, the anterior 

of the CNS. rami of thoracic spinal nerves remain independent and do 
50 not participate in plexuses. 
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Fig. 1.51 Nerve plexuses. 


Visceral plexuses | 
the thorax, and a large prevertebral plexus in the abdomen 


Visceral nerve plexuses are formed in association with anterior to the aorta, which extends inferiorly onto the 
viscera and generally contain efferent (sympathetic and lateral walls of the pelvis. The massive prevertebral plexus 
parasympathetic) and afferent components (Fig. 1.51). supplies input to and receives output from all abdominal 
These plexuses include cardiac and pulmonary plexuses in and pelvic viscera. 51 


The body 





In the clinic Pain can also be referred from one somatic region to 


another. For example, irritation of the peritoneum on 
the inferior surface of the diaphragm, which is 
innervated by the phrenic nerve, can be referred to the 
skin on the top of the shoulder, which is innervated by 
other somatic nerves arising at the same spinal cord 
level. 


Referred pain 
Referred pain occurs when sensory information comes to 
the spinal cord from one location, but is interpreted by 
the CNS as coming from another location innervated 
by the same spinal cord level. Usually, this happens 
when the pain information comes from a region, such as 
the gut, which has a low amount of sensory output. 
These afferents converge on neurons at the same spinal 
cord level that receive information from the skin, which 
is an area with a high amount of sensory output. As a 
result, pain from the normally low output region is 
interpreted as coming from the normally high output 
hari i iii OTHER SYSTEMS 
Pain is most often referred from a region innervated 
by the visceral part of the nervous system to a region 
innervated, at the same spinal cord level, by the somatic 
side of the nervous system. 


Specific information about the organization and compo- 
nents of the respiratory, gastrointestinal, and urogenital 
systems will be discussed in each of the succeeding chap- 
ters of this text. 
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Clinical cases 


Case 1 


APPENDICITIS 


A young man sought medical care because of 
central abdominal pain that was diffuse and colicky. 
After some hours, the pain began to localize in the 
right iliac fossa and became constant. He was 
referred to an abdominal surgeon, who removed a 
grossly inflamed appendix. The patient made an 
uneventful recovery. 


When the appendix becomes inflamed, the visceral 
sensory fibers are stimulated. These fibers enter the spinal 
cord with the sympathetic fibers at spinal cord level T10. 
The pain is referred to the dermatome of T10, which is in 
the umbilical region (Fig. 1.52). The pain is diffuse, not 
focal; every time a peristaltic wave passes through the 
ileocecal region, the pain recurs. This intermittent type of 
pain is referred to as colic. 


In the later stages of the disease, the appendix contacts 
and irritates the parietal peritoneum in the right iliac 
fossa, which is innervated by somatic sensory nerves. This 
produces a constant focal pain, which predominates over 
the colicky pain that the patient felt some hours 
previously. The patient no longer interprets the referred 
pain from the T10 dermatome. 


Although this is a typical history for appendicitis, it 
should always be borne in mind that the patient's 
symptoms and signs may vary. The appendix is situated 
in a retrocecal position in approximately 70% of 
patients; therefore it may never contact the parietal 
peritoneum anteriorly in the right iliac fossa. It is also 
possible that the appendix is long and may directly 
contact other structures. As a consequence, the patient 
may have other symptoms (e.g., the appendix may 
contact the ureter, and the patient may then develop 
urological symptoms). 


Although appendicitis is common, other disorders, for 
example of the bowel and pelvis, may produce similar 
symptoms. 


Clinical cases ° Case 7 
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Fig. 1.52 Mechanism for referred pain from an inflamed 
appendix to the T10 dermatome. 
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Back 


Conceptual overview 


GENERAL DESCRIPTION 


The back consists of the posterior aspect of the body and 
provides the musculoskeletal axis of support for the trunk. 
Bony elements consist mainly of the vertebrae, although 
proximal elements of the ribs, superior aspects of the pelvic 
bones, and posterior basal regions of the skull contribute 
to the back’s skeletal framework (Fig. 2.1). 
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Vertebral column 


Fig. 2.1 Skeletal framework of the back. 
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Associated muscles interconnect the vertebrae and ribs 
with each other and with the pelvis and skull. The back 
contains the spinal cord and proximal parts of the spinal 
nerves, which send and receive information to and from 
most of the body. 
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FUNCTIONS 
Support 


The skeletal and muscular elements of the back support 
the body’s weight, transmit forces through the pelvis to the 
lower limbs, carry and position the head, and brace and 
help maneuver the upper limbs. The vertebral column is 
positioned posteriorly in the body at the midline. When 
viewed laterally, it has a number of curvatures (Fig. 2.2): 


= the primary curvature of the vertebral column is 
concave anteriorly, reflecting the original shape of the 
embryo, and is retained in the thoracic and sacral 
regions in adults; 

= secondary curvatures, which are concave posteriorly, 
form in the cervical and lumbar regions and bring the 
center of gravity into a vertical line, which allows the 
body’s weight to be balanced on the vertebral column 
in a way that expends the least amount of muscular 
energy to maintain an upright bipedal stance. 


As stresses on the back increase from the cervical to 
lumbar regions, lower back problems are common. 


Movement 


Muscles of the back consist of extrinsic and intrinsic 
groups: 


= the extrinsic muscles of the back move the upper limbs 
and the ribs; 

= the intrinsic muscles of the back maintain posture and 
move the vertebral column; these movements include 
flexion (anterior bending), extension, lateral flexion, 
and rotation (Fig. 2.3). 


Although the amount of movement between any two 
vertebrae is limited, the effects between vertebrae are addi- 
tive along the length of the vertebral column. Also, freedom 
of movement and extension are limited in the thoracic 
region relative to the lumbar part of the vertebral column. 
Muscles in more anterior regions flex the vertebral 
column. 

In the cervical region, the first two vertebrae and associ- 
ated muscles are specifically modified to support and posi- 
tion the head. The head flexes and extends, in the nodding 
motion, on vertebra CI, and rotation of the head occurs as 
vertebra CI moves on vertebra CII (Fig. 2.3). 


Fig. 2.2 Curvatures of the vertebral column. 
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Fig. 2.3 Back movements. 


Protection of the nervous system 


The vertebral column and associated soft tissues of the 
back contain the spinal cord and proximal parts of the 
spinal nerves (Fig. 2.4). The more distal parts of the spinal 
nerves pass into all other regions of the body, including 


certain regions of the head. 


COMPONENT PARTS 


Bones 


The major bones of the back are the 33 vertebrae (Fig. 2.5). 
The number and specific characteristics of the vertebrae 
vary depending on the body region with which they are 
associated. There are seven cervical, twelve thoracic, five 
lumbar, five sacral, and three to four coccygeal vertebrae. 
The sacral vertebrae fuse into a single bony element, the 
sacrum. The coccygeal vertebrae are rudimentary in struc- 
ture, vary in number from three to four, and often fuse into 


a single coccyx. 
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7 cervical vertebrae (CI-CVII) 
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Fig. 2.5 Vertebrae. 
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Fig. 2.6 A typical vertebra. A. Superior view. B. Lateral view. 


A typical vertebra 


A typical vertebra consists of a vertebral body and a verte- 
bral arch (Fig. 2.6). 

The vertebral body is anterior and is the major weight- 
bearing component of the bone. It increases in size from 
vertebra CI to vertebra LV. Fibrocartilaginous interverte- 
bral discs separate the vertebral bodies of adjacent 
vertebrae. 

The vertebral arch is firmly anchored to the posterior 
surface of the vertebral body by two pedicles, which form 
the lateral pillars of the vertebral arch. The roof of the ver- 
tebral arch is formed by right and left laminae, which fuse 
at the midline. 

The vertebral arches of the vertebrae are aligned to form 
the lateral and posterior walls of the vertebral canal, which 
extends from the first cervical vertebra (CI) to the last sacral 
vertebra (sacral vertebra V). This bony canal contains the 
spinal cord and its protective membranes, together with 
blood vessels, connective tissue, fat, and proximal parts of 
spinal nerves. 

The vertebral arch of a typical vertebra has a number of 
characteristic projections, which serve as: 


attachments for muscles and ligaments; 
levers for the action of muscles; and 
sites of articulation with adjacent vertebrae. 


A spinous process projects posteriorly and generally 
inferiorly from the roof of the vertebral arch. 
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On each side of the vertebral arch, a transverse process 
extends laterally from the region where a lamina meets a 
pedicle. From the same region, a superior articular process 
and an inferior articular process articulate with similar 
processes on adjacent vertebrae. 

Each vertebra also contains rib elements. In the thorax, 
these elements are large and form ribs, which articulate 
with the vertebral bodies and transverse processes. In all 
other regions, these rib elements are small and are incor- 
porated into the transverse processes. Occasionally, they 
develop into ribs in regions other than the thorax, usually 
in the lower cervical and upper lumbar regions. 


Muscles 


Muscles in the back can be classified as extrinsic or intrin- 
sic based on their embryological origin and type of inner- 
vation (Fig. 2.7). 

The extrinsic muscles are involved with movements 
of the upper limbs and thoracic wall and, in general, are 
innervated by anterior rami of spinal nerves. The superfi- 
cial group of these muscles is related to the upper limbs, 
while the intermediate layer of muscles is associated with 
the thoracic wall. 

All of the intrinsic muscles of the back are deep in posi- 
tion and are innervated by the posterior rami of spinal 
nerves. They support and move the vertebral column and 
participate in moving the head. One group of intrinsic 
muscles also moves the ribs relative to the vertebral 
column. 
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Fig. 2.7 Back muscles. A. Extrinsic muscles. B. Intrinsic muscles. 
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Fig. 2.8 Vertebral canal. 


Vertebral canal 


The spinal cord lies within a bony canal formed by adjacent 
vertebrae and soft tissue elements (the vertebral canal) 
(Fig. 2.8): 


= the anterior wall is formed by the vertebral bodies of 
the vertebrae, intervertebral discs, and associated 
ligaments; 

= the lateral walls and roof are formed by the vertebral 
arches and ligaments. 


Within the vertebral canal, the spinal cord is surrounded 
by a series of three connective tissue membranes (the 
62 meninges): 


Spinal cord 
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= the pia mater is the innermost membrane and is 
intimately associated with the surface of the spinal 
cord; 

= the second membrane, the arachnoid mater, is sepa- 
rated from the pia by the subarachnoid space, which 
contains cerebrospinal fluid; 

= the thickest and most external of the membranes, the 
dura mater, lies directly against, but is not attached to, 
the arachnoid mater. 


In the vertebral canal, the dura mater is separated 
from surrounding bone by an extradural (epidural) space 
containing loose connective tissue, fat, and a venous 
plexus. 
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Fig. 2.9 Spinal nerves (transverse section). 


Spinal nerves 


The 31 pairs of spinal nerves are segmental in distribution 
and emerge from the vertebral canal between the pedicles 
of adjacent vertebrae. There are eight pairs of cervical 
nerves (C1 to C8), twelve thoracic (T1 to T12), five lumbar 
(L1 to L5), five sacral (S1 to S5), and one coccygeal (Co). 
Each nerve is attached to the spinal cord by a posterior root 
and an anterior root (Fig. 2.9). 

After exiting the vertebral canal, each spinal nerve 
branches into: 


Prevertebral plexus 


Aorta 


Sympathetic ganglion 
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= a posterior ramus—collectively, the small posterior 
rami innervate the back; and 

= an anterior ramus—the much larger anterior rami 
innervate most other regions of the body except the 
head, which is innervated predominantly, but not 
exclusively, by cranial nerves. 


The anterior rami form the major somatic plexuses 
(cervical, brachial, lumbar, and sacral) of the body. Major 
visceral components of the PNS (sympathetic trunk and 
prevertebral plexus) of the body are also associated mainly 
with the anterior rami of spinal nerves. 
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Fig. 2.10 Relationships of the back to other regions. 


RELATIONSHIP TO 


OTHER REGIONS 


Head 


Cervical regions of the back constitute the skeletal and 
much of the muscular framework of the neck, which in 
turn supports and moves the head (Fig. 2.10). 
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The brain and cranial meninges are continuous with 
the spinal cord meninges at the foramen magnum of the 
skull. The paired vertebral arteries ascend, one on each 
side, through foramina in the transverse processes of cervi- 
cal vertebrae and pass through the foramen magnum to 
participate, with the internal carotid arteries, in supplying 
blood to the brain. 


Thorax, abdomen, and pelvis 


The different regions of the vertebral column contribute to 
the skeletal framework of the thorax, abdomen, and pelvis 
(Fig. 2.10). In addition to providing support for each of 
these parts of the body, the vertebrae provide attachment 
for muscles and fascia, and articulation sites for other 
bones. The anterior rami of spinal nerves associated with 
the thorax, abdomen, and pelvis pass into these parts of the 
body from the back. 


Limbs 


The bones of the back provide extensive attachment for 
muscles associated with anchoring and moving the upper 
limbs on the trunk. This is less true of the lower limbs, 
which are firmly anchored to the vertebral column through 
articulation of the pelvic bones with the sacrum. The upper 
and lower limbs are innervated by anterior rami of spinal 
nerves that emerge from cervical and lumbosacral levels, 
respectively, of the vertebral column. 


KEY FEATURES 


Long vertebral column and short 
spinal cord 


During development, the vertebral column grows much 
faster than the spinal cord. As a result, the spinal cord 
does not extend the entire length of the vertebral canal 
(Fig. 2.11). 

In the adult, the spinal cord typically ends between ver- 
tebrae LI and LI, although it can end as high as vertebra 
TXII and as low as the disc between vertebrae LII and 
LIII. 

Spinal nerves originate from the spinal cord at increas- 
ingly oblique angles from vertebrae CI to Co, and the nerve 
roots pass in the vertebral canal for increasingly longer 
distances. Their spinal cord level of origin therefore becomes 
increasingly dissociated from their vertebral column level 
of exit. This is particularly evident for lumbar and sacral 
spinal nerves. 
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Fig. 2.11 Vertebral canal, spinal cord, and spinal nerves. 
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Intervertebral foramina and 
spinal nerves 


Each spinal nerve exits the vertebral canal laterally through 
an intervertebral foramen (Fig. 2.12). The foramen is 
formed between adjacent vertebral arches and is closely 


related to intervertebral joints: 


in adjacent pedicles; 


= the posterior margin is formed by the articular pro- 


cesses of the vertebral arches and the associated joint; 


the anterior border is formed by the intervertebral disc 
between the vertebral bodies of the adjacent vertebrae. 
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Fig. 2.12 Intervertebral foramina. 


66 


the superior and inferior margins are formed by notches 


Any pathology that occludes or reduces the size of an 
intervertebral foramen, such as bone loss, herniation of the 
intervertebral disc, or dislocation of the zygapophysial joint 
(the joint between the articular processes), can affect the 
function of the associated spinal nerve. 


Innervation of the back 


Posterior branches of spinal nerves innervate the intrin- 
sic muscles of the back and adjacent skin. The cutane- 
ous distribution of these posterior rami extends into the 
gluteal region of the lower limb and the posterior aspect 
of the head. Parts of dermatomes innervated by the pos- 
terior rami of spinal nerves are shown in Fig. 2.13. 





*The dorsal rami of L4 and L5 may not have cutaneous branches 
and may therefore not be represented as dermatomes on the back 


Fig. 2.13 Dermatomes innervated by posterior rami of spinal 
nerves. 


Regional anatomy 


SKELETAL FRAMEWORK 


Skeletal components of the back consist mainly of the ver- 
tebrae and associated intervertebral discs. The skull, scap- 
ulae, pelvic bones, and ribs also contribute to the bony 
framework of the back and provide sites for muscle 
attachment. 
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Fig. 2.14 Vertebrae. 





Vertebrae 


There are approximately 33 vertebrae, which are subdi- 
vided into five groups based on morphology and location 
(Fig. 2.14): 


= the seven cervical vertebrae between the thorax and 
skull are characterized mainly by their small size and 
the presence of a foramen in each transverse process 
(Figs. 2.14 and 2.15); 
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= the 12 thoracic vertebrae are characterized by their 


articulated ribs (Figs. 2.14 and 2.16); although all ver- 
tebrae have rib elements, these elements are small and 
are incorporated into the transverse processes in regions 
other than the thorax; but in the thorax, the ribs are 
separate bones and articulate via synovial joints with 
the vertebral bodies and transverse processes of the 
associated vertebrae; 

inferior to the thoracic vertebrae are five lumbar verte- 
brae, which form the skeletal support for the posterior 
abdominal wall and are characterized by their large size 
(Figs. 2.14 and 2.17); 


























= next are five sacral vertebrae fused into one single bone 
called the sacrum, which articulates on each side with 
a pelvic bone and is a component of the pelvic wall; 

= inferior to the sacrum is a variable number, usually 
four, of coccygeal vertebrae, which fuse into a single 
small triangular bone called the coccyx. 


In the embryo, the vertebrae are formed intersegmen- 
tally from cells called sclerotomes, which originate from 
adjacent somites (Fig. 2.18). Each vertebra is derived from 
the cranial parts of the two somites below, one on each 
side, and the caudal parts of the two somites above. The 
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Fig. 2.15 Radiograph of cervical region of vertebral column. A. Anterior—posterior view. B. Lateral view. 
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Regional anatomy ° Skeletal framework 2 
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Fig. 2.16 Radiograph of thoracic region of vertebral column. A. Anterior—posterior view. B. Lateral view. 
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Fig. 2.17 Radiograph of lumbar region of vertebral column. A. Anterior—posterior view. B. Lateral view. 
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Fig. 2.18 Development of the vertebrae. 


spinal nerves develop segmentally and pass between the 
forming vertebrae. 


Typical vertebra 


A typical vertebra consists of a vertebral body and a poste- 
rior vertebral arch (Fig. 2.19). Extending from the verte- 
bral arch are a number of processes for muscle attachment 
and articulation with adjacent bone. 

The vertebral body is the weightbearing part of the 
vertebra and is linked to adjacent vertebral bodies by inter- 
vertebral discs and ligaments. The size of vertebral bodies 
increases inferiorly as the amount of weight supported 
increases. 

The vertebral arch forms the lateral and posterior 
parts of the vertebral foramen. 

The vertebral foramina of all the vertebrae together 
form the vertebral canal, which contains and protects 
the spinal cord. Superiorly, the vertebral canal is continu- 
ous, through the foramen magnum of the skull, with the 
cranial cavity of the head. 
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Fig. 2.19 Typical vertebra. 
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The vertebral arch of each vertebra consists of pedicles 
and laminae (Fig. 2.19): 


= the two pedicles are bony pillars that attach the verte- 
bral arch to the vertebral body; 

= the two laminae are flat sheets of bone that extend 
from each pedicle to meet in the midline and form the 
roof of the vertebral arch. 


A spinous process projects posteriorly and inferiorly 
from the junction of the two laminae and is a site for muscle 
and ligament attachment. 

A transverse process extends posterolaterally from 
the junction of the pedicle and lamina on each side 
and is a site for articulation with ribs in the thoracic 
region. 

Also projecting from the region where the pedicles join 
the laminae are superior and inferior articular proc- 
esses (Fig. 2.19), which articulate with the inferior and 
superior articular processes, respectively, of adjacent 
vertebrae. 
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Back 


Between the vertebral body and the origin of the articu- 
lar processes, each pedicle is notched on its superior and 
inferior surfaces. These superior and inferior vertebral 
notches participate in forming intervertebral foramina. 


Cervical vertebrae 


The seven cervical vertebrae are characterized by their 
small size and by the presence of a foramen in each trans- 
verse process. A typical cervical vertebra has the following 
features (Fig. 2.20A): 


the vertebral body is short in height and square shaped 
when viewed from above and has a concave superior 
surface and a convex inferior surface; 

each transverse process is trough shaped and perfo- 
rated by a round foramen transversarium; 

the spinous process is short and bifid; 

the vertebral foramen is triangular. 


The first and second cervical vertebrae—the atlas and 
axis—are specialized to accommodate movement of the 
head. 


Atlas and axis 


Vertebra CI (the atlas) articulates with the head (Fig. 
2.21). Its major distinguishing feature is that it lacks a 
vertebral body (Fig. 2.20B). In fact, the vertebral body of 
CI fuses onto the body of CII during development to become 
the dens of CII. As a result, there is no intervertebral 
disc between CI and CII. When viewed from above, the 
atlas is ring-shaped and composed of two lateral masses 
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Foramen transversarium 


Vertebral body 








Vertebral canal 


Superior view 


Transverse 
process 


interconnected by an anterior arch and a posterior 
arch. 

Each lateral mass articulates above with an occipital 
condyle of the skull and below with the superior articular 
process of vertebra CII (the axis). The superior articular 
surfaces are bean shaped and concave, whereas the infe- 
rior articular surfaces are almost circular and flat. 

The atlanto-occipital joint allows the head to nod up 
and down on the vertebral column. 

The posterior surface of the anterior arch has an articu- 
lar facet for the dens, which projects superiorly from the 
vertebral body of the axis. The dens is held in position by a 
strong transverse ligament of atlas posterior to it and 
spanning the distance between the oval attachment facets 
on the medial surfaces of the lateral masses of the atlas. 

The dens acts as a pivot that allows the atlas and 
attached head to rotate on the axis, side to side. 

The transverse processes of the atlas are large and pro- 
trude further laterally than those of the other cervical ver- 
tebrae and act as levers for muscle action, particularly for 
muscles that move the head at the atlanto-axial joints. 

The axis is characterized by the large tooth-like dens, 
which extends superiorly from the vertebral body (Figs. 
2.20B and 2.21). The anterior surface of the dens has an 
oval facet for articulation with the anterior arch of the 
atlas. 

The two superolateral surfaces of the dens possess cir- 
cular impressions that serve as attachment sites for strong 
alar ligaments, one on each side, which connect the dens 
to the medial surfaces of the occipital condyles. These alar 
ligaments check excessive rotation of the head and atlas 
relative to the axis. 
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Fig. 2.20 Regional vertebrae. A. Typical cervical vertebra. Regional vertebrae. 
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Fig. 2.20, cont’d B. Atlas and axis. C. Typical thoracic vertebra. D. Typical lumbar vertebra. Regional vertebrae. 
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Fig. 2.20, cont’d E. Sacrum. F. Coccyx. 
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Fig. 2.21 Radiograph showing CI (atlas) and CII (axis) vertebrae. 
Open mouth, anterior-posterior (odontoid peg) view. 


Thoracic vertebrae 


The twelve thoracic vertebrae are all characterized by their 
articulation with ribs. A typical thoracic vertebra has two 
partial facets (superior and inferior costal facets) on each 
side of the vertebral body for articulation with the head of 
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its own rib and the head of the rib below (Fig. 2.20C). The 
superior costal facet is much larger than the inferior costal 
facet. 

Each transverse process also has a facet (transverse 
costal facet) for articulation with the tubercle of its own rib. 
The vertebral body of the vertebra is somewhat heart- 
shaped when viewed from above, and the vertebral foramen 
is circular. 


Lumbar vertebrae 


The five lumbar vertebrae are distinguished from vertebrae 
in other regions by their large size (Fig. 2.20D). Also, they 
lack facets for articulation with ribs. The transverse proc- 
esses are generally thin and long, with the exception of 
those on vertebra LV, which are massive and somewhat 
cone-shaped for the attachment of iliolumbar ligaments 
to connect the transverse processes to the pelvic bones. 

The vertebral body of a typical lumbar vertebra is cylin- 
drical and the vertebral foramen is triangular in shape and 
larger than in the thoracic vertebrae. 


Sacrum 


The sacrum is a single bone that represents the five fused 
sacral vertebrae (Fig. 2.20E). It is triangular in shape with 
the apex pointed inferiorly, and is curved so that it has a 
concave anterior surface and a correspondingly convex 
posterior surface. It articulates above with vertebra LV and 
below with the coccyx. It has two large L-shaped facets, 
one on each lateral surface, for articulation with the pelvic 
bones. 

The posterior surface of the sacrum has four pairs of 
posterior sacral foramina, and the anterior surface has four 


pairs of anterior sacral foramina for the passage of the pos- 
terior and anterior rami, respectively, of S1 to S4 spinal 
nerves. 

The posterior wall of the vertebral canal may be incom- 
plete near the inferior end of the sacrum. 


Coccyx 


The coccyx is a small triangular bone that articulates with 
the inferior end of the sacrum and represents three to four 
fused coccygeal vertebrae (Fig. 2.20F). It is characterized 
by its small size and by the absence of vertebral arches and 
therefore a vertebral canal. 


Intervertebral foramina 


Intervertebral foramina are formed on each side between 
adjacent parts of vertebrae and associated intervertebral 
discs (Fig. 2.22). The foramina allow structures, such as 
spinal nerves and blood vessels, to pass in and out of the 
vertebral canal. 

An intervertebral foramen is formed by the inferior ver- 
tebral notch on the pedicle of the vertebra above and the 
superior vertebral notch on the pedicle of the vertebra 
below. The foramen is bordered: 





Inferior vertebral notch 


Zygapophysial joint 


= posteriorly by the zygapophysial joint between the 
articular processes of the two vertebrae; and 

= anteriorly by the intervertebral disc and adjacent ver- 
tebral bodies. 


Each intervertebral foramen is a confined space sur- 
rounded by bone and ligament, and by joints. Pathology in 
any of these structures, and in the surrounding muscles, 
can affect structures within the foramen. 


Posterior spaces between 
vertebral arches 


In most regions of the vertebral column, the laminae 
and spinous processes of adjacent vertebrae overlap 
to form a reasonably complete bony dorsal wall for 
the vertebral canal. However, in the lumbar region, 
large gaps exist between the posterior components of 
adjacent vertebral arches (Fig. 2.23). These gaps 
between adjacent laminae and spinous processes 


become increasingly wide from vertebra LI to verte- 
bra LV. The spaces can be widened further by flexion 
of the vertebral column. These gaps allow relatively 
easy access to the 
procedures. 


vertebral canal for clinical 


Intervertebral foramen 


Intervertebral disc 


Superior vertebral notch 


Fig. 2.22 Intervertebral foramen. 
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Fig. 2.23 Spaces between adjacent vertebral arches in the lumbar region. 


In the clinic 


: = Fourth ventricle 
Spina bifida Thoracic aorta ME oA 


Spina bifida is a disorder in which the two sides of Brain fF spinous process 
vertebral arches, usually in lower vertebrae, fail to fuse 
during development, resulting in an “open” vertebral 
canal (Fig. 2.24). There are two types of spina bifida. 








m The commonest type is spina bifida occulta, in which 
there is a defect in the vertebral arch of LV or SI. This 
defect occurs in as many as 10% of individuals and 
results in failure of the posterior arch to fuse in the 
midline. In the spina bifida occulta group this is 
usually an incidental finding, although clinical 
examination may reveal a tuft of hair over the 
spinous processes. Clinically, the patient is 
asymptomatic. 

m The more severe form of spina bifida involves 
complete failure of fusion of the posterior arch at the 
lumbosacral junction with a large outpouching of 
the meninges. This may contain cerebrospinal fluid 
(a meningocele) or a portion of the spinal cord (a 


Spinal 
e 





ft 
myelomeningocele). These abnormalities may result Sead Myelomeningocele 


in a variety of neurological deficits, including 
problems with walking and bladder function. 


— 


Fig. 2.24 Tl-weighted MR image in the sagittal plane 
demonstrating a lumbosacral myelomeningocele. There is an 
76 absence of laminae and spinous processes in the lumbosacral 
region. 


In the clinic 


Vertebroplasty 
Vertebroplasty is a new technique in which the body of a 
vertebra can be filled with bone cement (typically methyl 
methacrylate). The indications for the technique include 
vertebral body collapse and pain from the vertebral body, 
which may be secondary to tumor infiltration. The 
procedure is most commonly performed for osteoporotic 
wedge fractures, which are a considerable cause of 
morbidity and pain in older patients. Early pain free 
mobilization in patients with osteoporotic wedge fractures 
has been shown to improve their outcome and ability to 
return to activities of daily living. 

Osteoporotic wedge fractures typically occur at the 
thoracolumbar region, and the approach to performing 


In the clinic 


Scoliosis 
Scoliosis is an abnormal lateral curvature of the vertebral 
column (Fig. 2.25). 

A true scoliosis involves not only the (right- or left- 
sided) curvature but also a rotational element of one 
vertebra upon another. 

The commonest types of scoliosis are those for which 
we have little understanding about how or why they 
occur and are termed idiopathic scoliosis. These are never 
present at birth and tend to occur in either the infantile, 
juvenile, or adolescent age groups. The vertebral bodies 
and posterior elements (pedicles and laminae) are normal 
in these patients. 

When a scoliosis is present from birth (congenital 
scoliosis) it is usually associated with other developmental 
abnormalities. In these patients, there is a strong 
association with other abnormalities of the chest wall, 
genitourinary tract, and heart disease. This group of 
patients needs careful evaluation by many specialists. 

Scoliosis may also be the manifestation of central or 
peripheral nerve abnormalities (neuropathic scoliosis), as 
in children with cerebral palsy or polio. 

A rare but important group of scoliosis is that in which 
the muscle is abnormal. Muscular dystrophy is the 
commonest example. The abnormal muscle does not 
retain the normal alignment of the vertebral column and 
curvature develops as a result. A muscle biopsy is needed 
to make the diagnosis. 

Other disorders that can produce scoliosis include 
bone tumors, spinal cord tumors, and localized disc 
protrusions. 


Regional anatomy ° Skeletal framework 


vertebroplasty is novel and relatively straightforward. The 
procedure is performed under sedation or light general 
anesthetic. Using X-ray guidance the pedicle is identified 
on the anterior—posterior image. A metal cannula is placed 
through the pedicle into the vertebral body. It may be 
necessary to place a cannula in both pedicles of the 
collapsed vertebra. 

Liquid bone cement is injected in the cannula, and this 
can be demonstrated filling the vertebral body. The 
function of the bone cement is two-fold. First, it increases 
the strength of the vertebral body and prevents further 
loss of height. Furthermore, as the bone cement sets, 
there is a degree of heat generated that is believed to 
disrupt pain nerve endings. 





Fig. 2.25 Radiograph of thoracic scoliosis. 
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In the clinic 


Kyphosis 

Kyphosis is abnormal curvature of the vertebral column in 
the thoracic region, producing a “hunchback” deformity. 
This condition occurs in certain disease states, the most 
dramatic of which is usually secondary to tuberculosis 
infection of a thoracic vertebral body, where the kyphosis 
becomes angulated at the site of the lesion. This produces 


In the clinic 


Variation in vertebral numbers 
There are usually seven cervical vertebrae, although in 
certain diseases these may be fused. Fusion of cervical 
vertebrae (Fig. 2.26A) can be associated with other 
abnormalities, for example Klippel—Feil syndrome, in 
which there is abnormal fusion of vertebrae Cl and CII or 
CV and CVI, and may be associated with a high-riding 
scapula (Sprengel’s shoulder) and cardiac abnormalities. 
Variations in the number of thoracic vertebrae are well 
described. One of the commonest abnormalities in the 


lumbar vertebrae is a partial fusion of vertebra LV with the 


sacrum (sacralization of the lumbar vertebra). Partial 





Fused bodies of cervical vertebrae 


the gibbus deformity, a deformity that was prevalent 
before the use of antituberculous medication. 


Lordosis 
Lordosis is abnormal curvature of the vertebral column in 
the lumbar region, producing a swayback deformity. 


separation of vertebra SI from the sacrum (lumbarization 
of first sacral vertebra) may also occur (Fig. 2.26B). 

No definite correlation exists between the number of 
vertebrae and back pain, although the two cannot be 
dissociated. Surgeons, radiologists, and other physicians 
must be able to accurately define vertebral levels to 
prevent errors. 

A hemivertebra occurs when a vertebra develops only 
on one side (Fig. 2.26B). 


B Hemivertebra 





Fig. 2.26 Variations in vertebral number. A. Fused vertebral bodies of cervical vertebrae. B. Hemivertebra. 


In the clinic 


The vertebrae and cancer 

The vertebrae are common sites for metastatic disease 
(secondary spread of cancer cells). When cancer cells grow 
within the vertebral bodies and the posterior elements, 
they destroy the mechanical properties of the bone. A 


In the clinic 


Osteoporosis 

Osteoporosis is a pathophysiologic condition in which 
bone quality is normal, but the quantity of bone is 
deficient. It is a metabolic bone disorder that commonly 
occurs in women in their 50s and 60s and in men in their 
70s. 

Many factors influence the development of 
osteoporosis including genetic predetermination, level of 
activity and nutritional status, and, in particular, estrogen 
levels in women. 

Typical complications of osteoporosis include “crush” 
vertebral body fractures, distal radial fractures, and hip 
fractures. 

With increasing age and poor quality bone, patients 
are more susceptible to fracture. Healing tends to be 
impaired in these elderly patients, who consequently 
require long hospital stays and prolonged rehabilitation. 


JOINTS 


Joints between vertebrae in 
the back 


The two major types of joints between vertebrae are: 


= symphyses between vertebral bodies (Fig. 2.27); and 
= synovial joints between articular processes (Fig. 2.28). 


A typical vertebra has a total of six joints with adjacent 
vertebrae: four synovial joints (two above and two below) 
and two symphyses (one above and one below). Each sym- 
physis includes an intervertebral disc. 

Although the movement between any two vertebrae is 
limited, the summation of movement among all vertebrae 
results in a large range of movement by the vertebral 
column. 

Movements by the vertebral column include flexion, 
extension, lateral flexion, rotation, and circumduction. 





minor injury may therefore lead to vertebral collapse. 
Importantly, vertebrae that contain extensive metastatic 
disease may extrude fragments of tumor into the 
vertebral canal, so compressing nerves and the spinal 
cord. 


Identifying patients at risk of osteoporosis and 
instituting appropriate drug therapy and preventive care 
can prevent injuries. There are no specific clinical signs or 
symptoms of osteoporosis. Often the diagnosis is made in 
retrospect when the patient presents with a pathological 
fracture. 

Patients likely to develop osteoporosis can be 
identified by a dual-photon X-ray absorptiometry (DXA) 
scanning. Low-dose X-rays are passed through the bone, 
and by counting the number of photons detected and 
knowing the dose given, the number of X-rays absorbed 
by the bone can be calculated. The amount of X-ray 
absorption can be directly correlated with the bone mass, 
and this can be used to predict whether a patient is at risk 
for osteoporotic fractures. 


Anulus fibrosus Nucleus pulposus 
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Fig. 2.27 Intervertebral joints. 
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Fig. 2.28 Zygapophysial joints. 


Movements by vertebrae in a specific region (cervical, 
thoracic, and lumbar) are determined by the shape and 
orientation of joint surfaces on the articular processes and 
on the vertebral bodies. 


Symphyses between vertebral bodies 
(intervertebral discs) 


The symphysis between adjacent vertebral bodies is formed 
by a layer of hyaline cartilage on each vertebral body and 
an intervertebral disc, which lies between the layers. 

The intervertebral disc consists of an outer anulus 
fibrosus, which surrounds a central nucleus pulposus 
(Fig. 2.27). 


= The anulus fibrosus consists of an outer ring of colla- 
gen surrounding a wider zone of fibrocartilage arranged 
in a lamellar configuration. This arrangement of fibers 
limits rotation between vertebrae. 

= The nucleus pulposus fills the center of the interver- 
tebral disc, is gelatinous, and absorbs compression 
forces between vertebrae. 


Degenerative changes in the anulus fibrosus can lead to 
herniation of the nucleus pulposus. Posterolateral hernia- 
tion can impinge on the roots of a spinal nerve in the inter- 
vertebral foramen. 


Joints between vertebral arches 
(zygapophysial joints) 

The synovial joints between superior and inferior articu- 
lar processes on adjacent vertebrae are the zygapophy- 
sial joints (Fig. 2.28). A thin articular capsule attached 
to the margins of the articular facets encloses each 
joint. 

In cervical regions, the zygapophysial joints slope infe- 
riorly from anterior to posterior. This orientation facilitates 
flexion and extension. In thoracic regions, the joints are 
oriented vertically and limit flexion and extension, but 
facilitate rotation. In lumbar regions, the joint surfaces are 
curved and adjacent processes interlock, thereby limiting 
range of movement, though flexion and extension are still 
major movements in the lumbar region. 


“Uncovertebral” joints 


The lateral margins of the upper surfaces of typical cervical 
vertebrae are elevated into crests or lips termed uncinate 
processes. These may articulate with the body of the verte- 
bra above to form small “uncovertebral” synovial joints 
(Fig. 2.29). 





Uncovertebral joint 


Uncinate process 


Fig. 2.29 Uncovertebral joint. 


In the clinic 


Herniation of intervertebral discs 

The discs between the vertebrae are made up of a central 
portion (the nucleus pulposus) and a complex series of 
fibrous rings (anulus fibrosus). A tear can occur within the 
anulus fibrosus through which the material of the nucleus 
pulposus can track. After a period of time, this material 
may track into the vertebral canal or into the 
intervertebral foramen to impinge on neural structures 


A Vertebral canal containing CSF 
and cauda equina 





LIV vertebra Disc protrusion 





In the clinic 


Back pain 

Back pain is an extremely common disorder. It is often 
difficult to determine whether back pain relates to 
direct mechanical problems or to a disc protrusion 
impinging on a nerve. In cases involving discs, it may be 
necessary to operate and remove the disc that is 
pressing on the nerve. 

Not infrequently, patients complain of pain and no 
immediate cause is found; the pain is therefore 
attributed to mechanical discomfort, which may be 
caused by degenerative disease. One of the treatments 
is to pass a needle into the facet joint and inject it with 
local anesthetic and corticosteroid. 


(Fig. 2.30). This is a common cause of back pain. A disc 
may protrude posteriorly to directly impinge on the cord 
or the roots of the lumbar nerves, depending on the level, 
or may protrude posterolaterally adjacent to the pedicle 
and impinge on the descending root. 

In cervical regions of the vertebral column, cervical disc 
protrusions often become ossified and are termed disc 
osteophyte bars. 


Meningeal sac containing 
Psoas CSF and cauda equina 
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Disc protrusion Facet 


Fig. 2.30 Disc protrusion—T2-weighted magnetic resonance images of the lumbar region of the vertebral column. A. Sagittal plane. 


B. Axial plane. 
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In the clinic 


Joints 

Some diseases have a predilection for synovial joints 
rather than symphyses. A typical example is rheumatoid 
arthritis, which primarily affects synovial joints and 
synovial bursae, resulting in destruction of the joint and 
its lining. Symphyses are usually preserved. 


LIGAMENTS 


Joints between vertebrae are reinforced and supported by 
numerous ligaments, which pass between vertebral bodies 
and interconnect components of the vertebral arches. 


Anterior and posterior 
longitudinal ligaments 


The anterior and posterior longitudinal ligaments are 
on the anterior and posterior surfaces of the vertebral 
bodies and extend along most of the vertebral column 
(Fig. 2.31). 

The anterior longitudinal ligament is attached supe- 
riorly to the base of the skull and extends inferiorly to 
attach to the anterior surface of the sacrum. Along its 
length it is attached to the vertebral bodies and interverte- 
bral discs. 

The posterior longitudinal ligament is on the poste- 
rior surfaces of the vertebral bodies and lines the anterior 
surface of the vertebral canal. Like the anterior longitudi- 
nal ligament, it is attached along its length to the vertebral 
bodies and intervertebral discs. The upper part of the pos- 
terior longitudinal ligament that connects CII to the intra- 
cranial aspect of the base of the skullis termed the tectorial 
membrane. 


Posterior longitudinal ligament 





Anterior longitudinal ligament 


Fig. 2.31 Anterior and posterior longitudinal ligaments of 
vertebral column. 


Ligamenta flava 


The ligamenta flava, on each side, pass between the 
laminae of adjacent vertebrae (Fig. 2.32). These thin, 
broad ligaments consist predominantly of elastic tissue and 
form part of the posterior surface of the vertebral canal. 





Superior 


Ligamenta flava 





Inferior 


Fig. 2.32 Ligamenta flava. 
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Fig. 2.33 Supraspinous ligament and ligamentum nuchae. 
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Each ligamentum flavum runs between the posterior 
surface of the lamina on the vertebra below to the anterior 
surface of the lamina of the vertebra above. The ligamenta 
flava resist separation of the laminae in flexion and assist 
in extension back to the anatomical position. 


Supraspinous ligament and 
ligamentum nuchae 


The supraspinous ligament connects and passes along the 
tips of the vertebral spinous processes from vertebra CVII 
to the sacrum (Fig. 2.33). From vertebra CVII to the skull, 
the ligament becomes structurally distinct from more 
caudal parts of the ligament and is called the ligamentum 
nuchae. 

The ligamentum nuchae is a triangular, sheet-like 
structure in the median sagittal plane: 


= the base of the triangle is attached to the skull, from the 
external occipital protuberance to the foramen 
magnum; 

= the apex is attached to the tip of the spinous process of 
vertebra CVII; 

= the deep side of the triangle is attached to the posterior 
tubercle of vertebra CI and the spinous processes of the 
other cervical vertebrae. 
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Back 


The ligamentum nuchae supports the head. It resists 
flexion and facilitates returning the head to the anatomical 
position. The broad lateral surfaces and the posterior 
edge of the ligament provide attachment for adjacent 
muscles. 


Interspinous ligaments 


Interspinous ligaments pass between adjacent vertebral 
spinous processes (Fig. 2.34). They attach from the base to 
the apex of each spinous process and blend with the supra- 
spinous ligament posteriorly and the ligamenta flava ante- 
riorly on each side. 


In the clinic 


Ligamenta flava 

The ligamenta flava are important structures within the 
vertebral canal. In degenerative conditions of the 
vertebral column, the ligamenta flava may hypertrophy. 
This is often associated with hypertrophy and arthritic 
change of the zygapophysial joints. In combination, 
zygapophysial joint hypertrophy, ligamenta flava 
hypertrophy, and a mild disc protrusion can reduce the 
dimensions of the vertebral canal. The occurrence of all 
three of these conditions together is not uncommon 
and produces the syndrome of spinal stenosis. 


In the clinic 


Vertebral fractures 

Vertebral fractures can occur anywhere throughout the 
vertebral column. In most instances, the fracture will heal 
under appropriate circumstances. At the time of injury, it 
is not the fracture itself, but related damage to the 
contents of the vertebral canal and the surrounding 
tissues that determines the severity of the patient’s 
condition. 

Vertebral column stability is divided into three arbitrary 
clinical “columns”: the anterior column consists of the 
vertebral bodies and the anterior longitudinal ligament; 
the middle column comprises the vertebral body and the 
posterior longitudinal ligament; and the posterior 
column is made up of the ligamenta flava, interspinous 
ligaments, supraspinous ligaments, and the ligamentum 
nuchae in the cervical vertebral column. 

Destruction of one of the clinical columns is usually a 
stable injury requiring little more than rest and 
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Ligamentum flavum Supraspinous ligament 


Fig. 2.34 Interspinous ligaments. 


appropriate analgesia. Disruption of two columns is highly 
likely to be unstable and requires fixation and 
immobilization. A three-column spinal injury usually 
results in a significant neurological event and requires 
fixation to prevent further extension of the neurological 
defect and to create vertebral column stability. 

At the craniocervical junction, a complex series of 
ligaments create stability. If the traumatic incident 
disrupts craniocervical stability, the chances of a 
significant spinal cord injury are extremely high. The 
consequences are quadriplegia, although in the short 
term, respiratory function could be compromised by 
paralysis of the phrenic nerve (which arises from spinal 
nerves C3 to C5), and severe hypotension (low blood 
pressure) may result from central disruption of the 
sympathetic part of the autonomic division of the PNS. 


(continued) 


In the clinic—cont’d 


Mid and lower cervical vertebral column disruption 
may produce a range of complex neurological problems 
involving the upper and lower limbs, although below 
the level of C5, respiratory function is unlikely to be 
compromised. 

Vertebral injuries may also involve the soft tissues 
and supporting structures between the vertebrae. 
Typical examples of this are the unifacetal and bifacetal 
cervical vertebral dislocations that occur in hyperflexion 
injuries. 


A 


Superior articular process 


Regional anatomy ° Ligaments 


Similarly, lesions in the vertebral column, depending 
on their level, produce corresponding neurological 
deficits. 

Lumbar vertebral column injuries are rare. When 
they occur, they usually involve significant force. 
Knowing that a significant force is required to fracture a 
vertebra, the abdominal organs and the rest of the axial 
skeleton need to be assessed for further fractures and 
visceral rupture. 


Pars interarticularis fractures 

The pars interarticularis is a clinical term to describe the 
specific region of a vertebra between the superior and 
inferior facet (zygapophysial) joints (Fig. 2.35A). This 
region is susceptible to trauma, especially in athletes. 

If a fracture occurs around the pars interarticularis, 
the vertebral body may slip anteriorly and compress the 
vertebral canal. 

The most common sites for pars interarticularis 
fractures are the LIV and LV levels (Fig. 2.35B). (Clinicians 
often refer to parts of the back in shorthand terms that 
are not strictly anatomical; for example, facet joints and 
apophyseal joints are terms used instead of 
zygapophysial joints, and spinal column is used instead 
of vertebral column.) 

It is possible for a vertebra to slip anteriorly upon its 
inferior counterpart without a pars interarticularis 
fracture. Usually this is related to abnormal anatomy of 
the facet joints, facet joint degenerative change. This 
disorder is termed spondylolisthesis. 





B 
Pars fracture 





Pedicle Pars interarticularis 


Fig. 2.35 Radiograph of lumbar region of vertebral column, oblique view (“Scottie dog”). A. Normal radiograph of lumbar region of 

vertebral column, oblique view. In this view, the transverse process (nose), pedicle (eye), superior articular process (ear), inferior articular 

process (front leg) and pars interarticularis (neck) resemble a dog. A fracture of the pars interarticularis is visible as a break in the neck 85 
of the dog, or the appearance of a collar. B. Fracture of pars interarticularis. 
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In the clinic 


Surgical procedures on the back 
Discectomy/laminectomy 

A prolapsed intervertebral disc may impinge upon the 
meningeal (thecal) sac, cord, and most commonly the 
nerve root, producing symptoms attributable to that 
level. In some instances the disc protrusion will undergo 
a degree of involution that may allow symptoms to 
resolve without intervention. In some instances pain, 
loss of function, and failure to resolve may require 
surgery to remove the disc protrusion. 

There are a number of ways in which the surgeon 
may approach the disc within the vertebral canal, and 
there are a number of procedures that can be 
performed to relieve the patient’s symptoms. 

It is of the utmost importance that the level of the 
disc protrusion is identified before surgery. This may 
require MRI scanning and on-table fluoroscopy to 
prevent operating on the wrong level. A midline 
approach to the right or to the left of the spinous 
processes will depend upon the most prominent site of 
the disc bulge. In some instances removal of the lamina 
will increase the potential soace and may relieve 
symptoms. Some surgeons perform a small fenestration 
(windowing) within the ligamentum flavum. This 
provides access to the canal. The meningeal sac and its 
contents are gently retracted, exposing the nerve root 
and the offending disc. The disc is dissected free, 
removing its effect on the nerve root and the canal. 


Spinal Fusion 

Spinal fusion is performed when it is necessary to fuse 
one vertebra with the corresponding superior or inferior 
vertebra, and in some instances multilevel fusion may 
be necessary. Indications are varied, though they 
include stabilization after fracture, stabilization related 
to tumor infiltration, and stabilization when mechanical 
pain is produced either from the disc or from the 
posterior elements. 

There are a number of surgical methods in which a 
fusion can be performed, through either a posterior 
approach and fusing the posterior elements, an anterior 
approach by removal of the disc and either disc 
replacement or anterior fusion, or in some instances a 
360° fusion where the posterior elements and the 
vertebral bodies are fused. These procedures are not 
without risk and require considerable surgical skill and 
expertise. 


BACK MUSCULATURE 


Muscles of the back are organized into superficial, interme- 
diate, and deep groups. 

Muscles in the superficial and intermediate groups are 
extrinsic muscles because they originate embryologically 
from locations other than the back. They are innervated 
by anterior rami of spinal nerves: 


the superficial group consists of muscles related to and 
involved in movements of the upper limb; 

the intermediate group consists of muscles attached to 
the ribs and may serve as a respiratory function. 


Muscles of the deep group are intrinsic muscles because 
they develop in the back. They are innervated by posterior 
rami of spinal nerves and are directly related to movements 
of the vertebral column and head. 


Superficial group of 
back muscles 


The muscles in the superficial group are immediately deep 
to the skin and superficial fascia (Figs. 2.36-2.39). They 
attach the superior part of the appendicular skeleton (clav- 
icle, scapula, and humerus) to the axial skeleton (skull, 
ribs, and vertebral column). Because these muscles are pri- 
marily involved with movements of this part of the appen- 
dicular skeleton, they are sometimes referred to as the 
appendicular group. 

Muscles in the superficial group include trapezius, latis- 
simus dorsi, rhomboid major, rhomboid minor, and levator 
scapulae. Rhomboid major, rhomboid minor, and levator 
scapulae are located deep to trapezius in the superior part 
of the back. 
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Fig. 2.36 Superficial group of back muscles—trapezius and latissimus dorsi. 
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Fig. 2.37 Superficial group of back muscles—trapezius and latissimus dorsi, with rhomboid major, rhomboid minor, and levator scapulae 
88 located deep to trapezius in the superior part of the back. 


Trapezius 


Each trapezius muscle is flat and triangular, with the base 
of the triangle situated along the vertebral column (the 
muscle’s origin) and the apex pointing toward the tip of the 
shoulder (the muscle’s insertion) (Fig. 2.37 and Table 2.1). 
The muscles on both sides together form a trapezoid. 

The superior fibers of trapezius, from the skull and upper 
portion of the vertebral column, descend to attach to the 
lateral third of the clavicle and to the acromion of the 
scapula. Contraction of these fibers elevates the scapula. In 
addition, the superior and inferior fibers work together to 








Trapezius 


Latissimus dorsi 


Fig. 2.38 Innervation and blood supply of trapezius. 


rotate the lateral aspect of the scapula upward, which 
needs to occur when raising the upper limb above the 
head. 

Motor innervation of trapezius is by the accessory nerve 
[XI], which descends from the neck onto the deep surface 
of the muscle (Fig. 2.38). Proprioceptive fibers from trape- 
zius pass in the branches of the cervical plexus and enter 
the spinal cord at spinal cord levels C3 and C4. 

The blood supply to trapezius is from the superficial 
branch of the transverse cervical artery, the acromial 
branch of the suprascapular artery, and dorsal branches of 
posterior intercostal arteries. 


Levator scapulae 


Superficial branch of transverse cervical artery 





Accessory nerve [XI] 


Rhomboid minor 


Rhomboid major 
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Back 


Table 2.1 Superficial (appendicular) group of back muscles 
Muscle Origin Insertion 
Trapezius Superior nuchal line, external Lateral one-third of 
occipital protuberance, clavicle, acromion, 
ligamentum nuchae, spinous spine of scapula 
processes of CVII to TXIl 
Latissimus  Spinous processes of TVII to LV Floor of intertubercular 
dorsi and sacrum, iliac crest, ribs X sulcus of humerus 
to XII 
Levator Transverse processes of Cl to Upper portion medial 
scapulae CIV border of scapula 
Rhomboid = Spinous processes of TII to TV Medial border of 
major scapula between spine 
and inferior angle 
Rhomboid Lower portion of ligamentum Medial border of 
minor nuchae, spinous processes of scapula at the spine of 


CVII and TI scapula 


Latissimus dorsi 


Latissimus dorsi is a large, flat triangular muscle that 
begins in the lower portion of the back and tapers as it 
ascends to a narrow tendon that attaches to the humerus 
anteriorly (Figs. 2.36-2.39 and Table 2.1). As a result, 
movements associated with this muscle include extension, 
adduction, and medial rotation of the upper limb. Latissi- 
mus dorsi can also depress the shoulder, preventing its 
upward movement. 

The thoracodorsal nerve of the brachial plexus inner- 
vates the latissimus dorsi muscle. Associated with this 
nerve is the thoracodorsal artery, which is the primary 
blood supply of the muscle. Additional small arteries come 
from dorsal branches of posterior intercostal and lumbar 
arteries. 


Innervation Function 


Motor—accessory Assists in rotating the scapula during 


nerve [XI]; abduction of humerus above horizontal; 
proprioception—C3 upper fibers elevate, middle fibers adduct, 
and C4 and lower fibers depress scapula 


Extends, adducts, and medially rotates 
humerus 


Thoracodorsal nerve 
(C6 to C8) 


C3 to C4 and dorsal 
scapular nerve (C4, C5) 


Elevates scapula 


Dorsal scapular nerve Retracts (adducts) and elevates scapula 


(C4, C5) 


Dorsal scapular nerve Retracts (adducts) and elevates scapula 


(C4, C5) 


Levator scapulae 


Levator scapulae is a slender muscle that descends from 
the transverse processes of the upper cervical vertebrae to 
the upper portion of the scapula on its medial border at the 
superior angle (Fig. 2.37 and 2.39, and Table 2.1). It ele- 
vates the scapula and may assist other muscles in rotating 
the lateral aspect of the scapula inferiorly. 

Levator scapulae is innervated by branches from the 
anterior rami of spinal nerves C3 and C4 and the dorsal 
scapular nerve, and its arterial supply consists of branches 
primarily from the transverse and ascending cervical 
arteries. 


Rhomboid minor and rhomboid major 


The two rhomboid muscles are inferior to levator scapulae 
(Fig. 2.39 and Table 2.1). Rhomboid minor is superior to 
rhomboid major, and is a small, cylindrical muscle that 
arises from the ligamentum nuchae of the neck and the 
spinous processes of vertebrae CVII and TI and attaches to 
the medial scapular border opposite the root of the spine of 
the scapula. 

The larger rhomboid major originates from the 
spinous processes of the upper thoracic vertebrae and 






Ligamentum nuchae 


Levator scapulae 





Rhomboid minor 


Rhomboid major 


Fig. 2.39 Rhomboid muscles and levator scapulae. 
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attaches to the medial scapular border inferior to rhomboid 
minor. 

The two rhomboid muscles work together to retract or 
pull the scapula toward the vertebral column. With other 
muscles they may also rotate the lateral aspect of the 
scapula inferiorly. 

The dorsal scapular nerve, a branch of the brachial 
plexus, innervates both rhomboid muscles (Fig. 2.40). 
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Fig. 2.40 Innervation and blood supply of the rhomboid muscles. 


Intermediate group of 
back muscles 


The muscles in the intermediate group of back muscles 
consist of two thin muscular sheets in the superior and 
inferior regions of the back, immediately deep to the 
muscles in the superficial group (Fig. 2.41 and Table 2.2). 
Fibers from these two serratus posterior muscles (serratus 
posterior superior and serratus posterior inferior) 
pass obliquely outward from the vertebral column to attach 
to the ribs. This positioning suggests a respiratory func- 
tion, and at times, these muscles have been referred to as 
the respiratory group. 


Levator scapulae 


Dorsal scapular nerve 


Superficial branch of transverse cervical artery 


Trapezius 






Deep branch of transverse 
cervical artery 


Latissimus dorsi 


Serratus posterior superior is deep to the rhomboid 
muscles, whereas serratus posterior inferior is deep to latis- 
simus dorsi. Both serratus posterior muscles are attached 
to the vertebral column and associated structures medi- 
ally, and either descend (the fibers of serratus posterior 
superior) or ascend (the fibers of serratus posterior inferior) 
to attach to the ribs. These two muscles therefore elevate 
and depress the ribs. 

The serratus posterior muscles are innervated by seg- 
mental branches of anterior rami of intercostal nerves. 
Their vascular supply is provided by a similar segmental 
pattern through the intercostal arteries. 


Table 2.2 Intermediate (respiratory) group of back muscles 
Muscle Origin Insertion Innervation Function 
Serratus posterior Lower portion of ligamentum Upper border of ribs II Anterior rami of upper Elevates ribs Il to V 


nuchae, spinous processes of CVII 
to TIll and supraspinous ligaments 


superior 
angles 


Spinous processes of TXI to LIII 
and supraspinous ligaments 


Serratus posterior 
inferior 


to V just lateral to their 


Lower border of ribs IX 
to XII just lateral to 
their angles 


thoracic nerves (T2 to T5) 


Anterior rami of lower Depresses ribs IX to XII and 

thoracic nerves (T9 to may prevent lower ribs from 

712) being elevated when the 
diaphragm contracts 





Levator scapulae 





Serratus posterior superior 


Posterior layer of 
thoracolumbar fascia 


Serratus posterior inferior 


Fig. 2.41 Intermediate group of back muscles—serratus posterior muscles. 


Deep group of back muscles 


The deep or intrinsic muscles of the back extend from the 
pelvis to the skull and are innervated by segmental 
branches of the posterior rami of spinal nerves. They 
include: 


= the extensors and rotators of the head and neck—the 
splenius capitis and cervicis (spinotransversales 
muscles); 


= the extensors and rotators of the vertebral column— 
the erector spinae and transversospinales; and 

= the short segmental muscles—the interspinales and 
intertransversaril. 


The vascular supply to this deep group of muscles is 
through branches of the vertebral, deep cervical, occipital, 
transverse cervical, posterior intercostal, subcostal, 
lumbar, and lateral sacral arteries. 93 
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Thoracolumbar fascia 


The thoracolumbar fascia covers the deep muscles of the 
back and trunk (Fig. 2.42). This fascial layer is critical to 
the overall organization and integrity of the region: 


= superiorly, it passes anteriorly to the serratus posterior 
muscle and is continuous with deep fascia in the 
neck; 

= in the thoracic region, it covers the deep muscles and 
separates them from the muscles in the superficial and 
intermediate groups; 
medially, it attaches to the spinous processes of the 
thoracic vertebrae and, laterally, to the angles of the 
ribs. 


The medial attachments of the latissimus dorsi and ser- 
ratus posterior inferior muscles blend into the thoracolum- 
bar fascia. In the lumbar region, the thoracolumbar fascia 
consists of three layers: 


= the posterior layer is thick and is attached to the spinous 
processes of the lumbar vertebrae, sacral vertebrae, and 
the supraspinous ligament—tfrom these attachments, it 
extends laterally to cover the erector spinae; 

the middle layer is attached medially to the tips of the 
transverse processes of the lumbar vertebrae and inter- 
transverse ligaments—inferiorly, it is attached to the 
iliac crest and, superiorly, to the lower border of rib 
XII; 

the anterior layer covers the anterior surface of the qua- 
dratus lumborum muscle (a muscle of the posterior 
abdominal wall) and is attached medially to the trans- 
verse processes of the lumbar vertebrae—inferiorly, it is 
attached to the iliac crest and, superiorly, it forms the 
lateral arcuate ligament for attachment of the 
diaphragm. 


The posterior and middle layers of the thoracolumbar 
fascia come together at the lateral margin of the erector 


Transversus 


Psoas major muscle _ 
abdominis muscle 









Quadratus 
lumborum 
muscle 





Latissimus dorsi 


muscle 
Erector spinae muscles 


Thoracolumbar fascia 
Anterior layer 

Middle layer 

Posterior layer 


Fig. 2.42 Thoracolumbar fascia and the deep back muscles 
(transverse section). 


spinae (Fig. 2.42). At the lateral border of the quadratus 
lumborum, the anterior layer joins them and forms the 
aponeurotic origin for the transversus abdominis muscle 
of the abdominal wall. 


Spinotransversales muscles 


The two spinotransversales muscles run from the spinous 
processes and ligamentum nuchae upward and laterally 
(Fig. 2.43 and Table 2.3): 


splenius capitis is a broad muscle attached to the occipi- 
tal bone and mastoid process of the temporal bone; 
splenius cervicis is a narrow muscle attached to the 
transverse processes of the upper cervical vertebrae. 


a 


Together the spinotransversales muscles draw the head 
backward, extending the neck. Individually, each muscle 
rotates the head to one side—the same side as the contract- 
ing muscle. 





Ligamentum nuchae 


Splenius capitis 


Levator scapulae 


Splenius cervicis 


Deep back 


Fig. 2.43 Deep group of back muscles—spinotransversales muscles (splenius capitis and splenius cervicis). 


Innervation 


Function 


Posterior rami middle 


Together—draw head backward, extending neck; 


Table 2.3 Spinotransversales muscles 

Muscle Origin Insertion 

Splenius Lower half of ligamentum = Mastoid process, skull 

capitis nuchae, spinous below lateral one-third 
processes of CVII to TIV of superior nuchal line 

Splenius Spinous processes of TIII Transverse processes 

cervicis to TVI of Cl to CIII 


Erector spinae muscles 


The erector spinae is the largest group of intrinsic back 
muscles. The muscles lie posterolaterally to the vertebral 
column between the spinous processes medially and the 
angles of the ribs laterally. They are covered in the thoracic 
and lumbar regions by thoracolumbar fascia and the ser- 
ratus posterior inferior, the rhomboid, and splenius 
muscles. The mass arises from a broad, thick tendon 
attached to the sacrum, spinous processes of the lumbar 
and lower thoracic vertebrae, and the iliac crest (Fig. 2.44 


cervical nerves 


Posterior rami lower 
cervical nerves 


individually—draw and rotate head to one side 
(turn face to same side) 


Together—extend neck; individually—draw and 
rotate head to one side (turn face to same side) 


and Table 2.4). It divides in the upper lumbar region into 
three vertical columns of muscle, each of which is further 
subdivided regionally (lumborum, thoracis, cervicis, and 
capitis), depending on where the muscles attach 
superiorly. 


= The outer or most laterally placed column of the erector 
spinae muscles is the iliocostalis, which is associated 
with the costal elements and passes from the common 
tendon of origin to multiple insertions into the angles of 
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Fig. 2.44 Deep group of back muscles—erector spinae muscles. 
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Table 2.4 Erector spinae group of back muscles 


Regional anatomy ° Back musculature 


Insertion 


Angles of the lower six or seven ribs 


Muscle Origin 
Iliocostalis Sacrum, spinous processes of lumbar and lower two thoracic 
lumborum vertebrae and their supraspinous ligaments, and the iliac crest 


Iliocostalis thoracis Angles of the lower six ribs 


Iliocostalis cervicis Angles of ribs III to VI 


Longissimus thoracis 
transverse processes of lumbar vertebrae 


Longissimus cervicis 


Longissimus capitis 


Blends with iliocostalis in lumbar region and is attached to 


Transverse processes of upper four or five thoracic vertebrae 


Transverse processes of upper four or five thoracic vertebrae 


Angles of the upper six ribs and the transverse 
process of CVII 


Transverse processes of CIV to CVI 


Transverse processes of all thoracic vertebrae and just 
lateral to the tubercles of the lower nine or ten ribs 


Transverse processes of CII to CVI 


Posterior margin of the mastoid process 


and articular processes of lower three or four cervical 


vertebrae 


Spinalis thoracis Spinous processes of TX or TXI to LII 


Spinalis cervicis 
(sometimes TI to TII) 


Spinalis capitis Usually blends with semispinalis capitis 


the ribs and the transverse processes of the lower cervi- 
cal vertebrae. 

The middle or intermediate column is the longissimus, 
which is the largest of the erector spinae subdivision 
extending from the common tendon of origin to the 
base of the skull. Throughout this vast expanse, the 
lateral positioning of the longissimus muscle is in 
the area of the transverse processes of the various 
vertebrae. 

The most medial muscle column is the spinalis, which 
is the smallest of the subdivisions and interconnects the 
spinous processes of adjacent vertebrae. Spinalis is most 
constant in the thoracic region and is generally absent 
in the cervical region. It is associated with a deeper 
muscle (the semispinalis capitis) as the erector spinae 
group approaches the skull. 


The muscles in the erector spinae group are the primary 
extensors of the vertebral column and head. Acting bilater- 
ally, they straighten the back, returning it to the upright 
position from a flexed position, and pull the head posteri- 
orly. They also participate in controlling vertebral column 
flexion by contracting and relaxing in a coordinated 
fashion. Acting unilaterally, they bend the vertebral 
column laterally. In addition, unilateral contractions of 
muscles attached to the head turn the head to the actively 
contracting side. 


Transversospinales muscles 


The transversospinales muscles run obliquely upward and 
medially from transverse processes to spinous processes, 
filling the groove between these two vertebral projections 
(Fig. 2.45 and Table 2.5). They are deep to the erector 


Lower part of ligamentum nuchae and spinous process of CVII 


Spinous processes of TI to TVIII (varies) 


Spinous process of CII (axis) 


With semispinalis capitis 


spinae and consist of three major subgroups—the semispi- 
nalis, multifidus, and rotatores muscles. 


The semispinalis muscles are the most superficial col- 
lection of muscle fibers in the transversospinales group. 
These muscles begin in the lower thoracic region and 
end by attaching to the skull, crossing between four and 
six vertebrae from their point of origin to point of attach- 
ment. Semispinalis muscles are found in the thoracic 
and cervical regions, and attach to the occipital bone at 
the base of the skull. 

Deep to semispinalis is the second group of muscles, the 
multifidus. Muscles in this group span the length of 
the vertebral column, passing from a lateral point of 
origin upward and medially to attach to spinous proc- 
esses and spanning between two and four vertebrae. 
The multifidus muscles are present throughout the 
length of the vertebral column, but are best developed 
in the lumbar region. 

The small rotatores muscles are the deepest of the 
transversospinales group. They are present throughout 
the length of the vertebral column, but are best devel- 
oped in the thoracic region. Their fibers pass upward 
and medially from transverse processes to spinous pro- 
cesses crossing two vertebrae (long rotators) or attach- 
ing to adjacent vertebra (short rotators). 


When muscles in the transversospinales group contract 
bilaterally, they extend the vertebral column, an action 
similar to that of the erector spinae group. However, when 
muscles on only one side contract, they pull the spinous 
processes toward the transverse processes on that side, 
causing the trunk to turn or rotate in the opposite 
direction. 
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Rectus capitis posterior minor 


Obliquus capitis superior 


Rectus capitis posterior major 


Semispinalis capitis l ae 
Obliquus capitis inferior 


Spinous process of CVII 


Semispinalis thoracis 


Rotatores thoracis 
(short, long) 


Levatores costarum 
(short, long) 


Multifidus 


Intertransversarius 


Erector spinae 


Fig. 2.45 Deep group of back muscles—transversospinales and segmental muscles. 
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One muscle in the transversospinales group, the semi- 
spinalis capitis, has a unique action because it attaches 
to the skull. Contracting bilaterally, this muscle pulls the 
head posteriorly, whereas unilateral contraction pulls the 
head posteriorly and turns it, causing the chin to move 
superiorly and turn toward the side of the contracting 
muscle. These actions are similar to those of the upper 
erector spinae. 


Segmental muscles 


The two groups of segmental muscles (Fig. 2.45 and Table 
2.6) are deeply placed in the back and innervated by pos- 
terior rami of spinal nerves. 


= The first group of segmental muscles are the levatores 
costarum muscles, which arise from the transverse 
processes of vertebra CVII and TI to TXI. They have an 
oblique lateral and downward direction and insert into 
the rib below the vertebra of origin in the area of the 
tubercle. Contraction elevates the ribs. 

= The second group of segmental muscles are the true 
segmental muscles of the back—the interspinales, 
which pass between adjacent spinous processes, and 


Table 2.5 Transversospinales group of back muscles 


Muscle Origin 


Semispinalis thoracis Transverse processes of TVI to TX 


Semispinalis cervicis 


Semispinalis capitis 
processes of CIV to CVI 


Multifidus 


Transverse processes of upper five or six thoracic vertebrae 


Transverse processes of TI to TVI (or TVII) and CVII and articular 


Sacrum, origin of erector spinae, posterior superior iliac spine, 
mammillary processes of lumbar vertebrae, transverse 


the intertransversarii, which pass between adjacent 
transverse processes. These postural muscles stabilize 
adjoining vertebrae during movements of the vertebral 
column to allow more effective action of the large 
muscle groups. 


Suboccipital muscles 


A small group of deep muscles in the upper cervical region 
at the base of the occipital bone move the head. They 
connect vertebra CI (the atlas) to vertebra CII (the axis) 
and connect both vertebrae to the base of the skull. Because 
of their location they are sometimes referred to as suboc- 
cipital muscles (Figs. 2.45 and 2.46 and Table 2.7). They 
include, on each side: 


rectus capitis posterior major; 
rectus capitis posterior minor; 
obliquus capitis inferior; and 


obliquus capitis superior. 


Contraction of the suboccipital muscles extends the 
head at the atlanto-axial joint. 


Insertion 


Spinous processes of upper four thoracic and lower 
two cervical vertebrae 


Spinous processes of CII (axis) to CV 


Medial area between the superior and inferior nuchal 
lines of occipital bone 


Base of spinous processes of all vertebrae from LV to 
Cll (axis) 


processes of thoracic vertebrae, and articular processes of 


lower four cervical vertebrae 
Rotatores lumborum |= Mammillary processes of lumbar vertebrae 
Rotatores thoracis Transverse processes of thoracic vertebrae 


Rotatores cervicis Articular processes of cervical vertebrae 


Table 2.6 Segmental back muscles 


Muscle Origin 


Levatores costarum Short paired muscles arising from transverse 


processes of CVII to TXI 


Interspinales Short paired muscles attached to the spinous 


processes of contiguous vertebrae, one on each 


side of the interspinous ligament 


Small muscles between the transverse 
processes of contiguous vertebrae 


Intertransversarii 


Spinous processes of lumbar vertebrae 
Spinous processes of thoracic vertebrae 


Spinous processes of cervical vertebrae 


Insertion Function 


The rib below vertebra of | Contraction elevates rib 


origin near tubercle 


Postural muscles that stabilize adjoining 
vertebra during movements of vertebral 
column 


Postural muscles that stabilize adjoining 
vertebra during movements of vertebral 
column 
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Splenius capitis 


Semispinalis capitis 
Obliquus capitis superior 


Vertebral artery 
Rectus capitis posterior minor Posterior ramus of C1 


Rectus capitis posterior major 


Obliquus capitis inferior 





Spinous process of Cll 
Semispinalis cervicis 
Semispinalis capitis 


Longissimus capitis 


Splenius capitis 


Fig. 2.46 Deep group of back muscles—suboccipital muscles. This also shows the borders of the suboccipital triangle. 


Table 2.7 Suboccipital group of back muscles 


Muscle Origin Insertion Innervation Function 
Rectus capitis posterior Spinous process of axis Lateral portion of occipital Posterior ramus of C1 Extension of head; rotation of 
major (CII) bone below inferior face to same side as muscle 
nuchal line 
Rectus capitis posterior Posterior tubercle of Medial portion of occipital Posterior ramus of C1 Extension of head 
minor atlas (CI) bone below inferior 
nuchal line 
Obliquus capitis superior Transverse process of Occipital bone between Posterior ramus of C1 Extension of head and bends it to 
atlas (CI) superior and inferior same side 
nuchal lines 


Obliquus capitis inferior Spinous process of axis Transverse process of atlas Posterior ramus of C1 Rotation of face to same side 


(CII) (CI) 
The suboccipital muscles are innervated by the poste- = rectus capitis posterior major forms the medial border 
rior ramus of the first cervical nerve, which enters the of the triangle; 


area between the vertebral artery and the posterior = obliquus capitis superior forms the lateral border; 
arch of the atlas (Fig. 2.46). The vascular supply to the = obliquus capitis inferior muscle forms the inferior 


muscles in this area is from branches of the vertebral and border. 
occipital arteries. 
The suboccipital muscles form the boundaries of the The contents of the area outlined by these muscles are 


suboccipital triangle, an area that contains several the posterior ramus of C1, the vertebral artery, and associ- 
100 important structures (Fig. 2.46): ated veins. 


In the clinic 


Nerve injuries affecting superficial back muscles 
Weakness in the trapezius, caused by an interruption of 
the accessory nerve [XI], may appear as drooping of the 
shoulder, inability to raise the arm above the head 
because of impaired rotation of the scapula, or 
weakness in attempting to raise the shoulder (i.e., shrug 
the shoulder against resistance). 

A weakness in, or an inability to use, the latissimus 
dorsi, resulting from an injury to the thoracodorsal 
nerve, diminishes the capacity to pull the body upward 
while climbing or doing a pull-up. 

An injury to the dorsal scapular nerve, which 
innervates the rhomboids, may result in a lateral shift in 
the position of the scapula on the affected side (i.e., the 
normal position of the scapula is lost because of the 
affected muscle’s inability to prevent antagonistic 
muscles from pulling the scapula laterally). 


SPINAL CORD 


The spinal cord extends from the foramen magnum to 
approximately the level of the disc between vertebrae LI 
and LII in adults, although it can end as high as vertebra 
TXII or as low as the disc between vertebrae LIT and LII 
(Fig. 2.47). In neonates, the spinal cord extends approxi- 
mately to vertebra LIII, but can reach as low as vertebra 
LIV. The distal end of the cord (the conus medullaris) is 
cone shaped. A fine filament of connective tissue (the pial 
part of the filum terminale) continues inferiorly from the 
apex of the conus medullaris. 

The spinal cord is not uniform in diameter along its 
length. It has two major swellings or enlargements in 
regions associated with the origin of spinal nerves that 
innervate the upper and lower limbs. A cervical enlarge- 
ment occurs in the region associated with the origins of 
spinal nerves C5 to T1, which innervate the upper limbs. 
A lumbosacral enlargement occurs in the region associ- 
ated with the origins of spinal nerves L1 to S3, which 
innervate the lower limbs. 

The external surface of the spinal cord is marked by a 
number of fissures and sulci (Fig. 2.48): 


= the anterior median fissure extends the length of the 
anterior surface; 

= the posterior median sulcus extends along the pos- 
terior surface; 
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Fig. 2.47 Spinal cord. 
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Fig. 2.48 Features of the spinal cord. 
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= the posterolateral sulcus on each side of the posterior artery 


surface marks where the posterior rootlets of spinal 
nerves enter the cord. 
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Internally, the cord has a small central canal surrounded 
by gray and white matter: 


Artery of Adamkiewicz 
(branch from segmental 
spinal artery) 


| a a T i oo 
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= the gray matter is rich in nerve cell bodies, which form 
longitudinal columns along the cord, and in cross- 
section these columns form a characteristic H-shaped 
appearance in the central regions of the cord; 

= the white matter surrounds the gray matter and is rich 
in nerve cell processes, which form large bundles or 
tracts that ascend and descend in the cord to other 
spinal cord levels or carry information to and from the 
brain. 


Segmental 
spinal artery 
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Lateral sacral artery 


Vasculature 
Arteries 


The arterial supply to the spinal cord comes from two 
sources (Fig. 2.49). It consists of: 





= longitudinally oriented vessels, arising superior to the Fig. 2.49 Arteries that supply the spinal cord. A. Anterior view of 
102 cervical portion of the cord, which descend on the spinal cord (not all segmental spinal arteries are shown). Arteries 


surface of the cord; and that supply the spinal cord. 
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Fig. 2.49, cont’d B. Segmental supply of spinal cord. 


= feeder arteries that enter the vertebral canal through 


the intervertebral foramina at every level; these feeder 
vessels, or segmental spinal arteries, arise predomi- 
nantly from the vertebral and deep cervical arteries in 
the neck, the posterior intercostal arteries in the thorax, 
and the lumbar arteries in the abdomen. 


After entering an intervertebral foramen, the segmental 


that arise from the vertebral arteries—the resulting 
single anterior spinal artery passes inferiorly, approxi- 
mately parallel to the anterior median fissure, along the 
surface of the spinal cord; and 

two posterior spinal arteries, which also originate in 
the cranial cavity, usually arising directly from a termi- 
nal branch of each vertebral artery (the posterior 
inferior cerebellar artery)—the right and left posterior 


spinal arteries give rise to anterior and posterior radicu- spinal arteries descend along the spinal cord, each 
lar arteries (Fig. 2.49). This occurs at every vertebral as two branches that bracket the posterolateral sulcus 
level. The radicular arteries follow, and supply, the ante- and the connection of posterior roots with the spinal 
rior and posterior roots. At various vertebral levels, the cord. 

segmental spinal arteries also give off segmental med- 
ullary arteries (Fig. 2.49). These vessels pass directly to 
the longitudinally oriented vessels, reinforcing these. 


The longitudinal vessels consist of: 


The anterior and posterior spinal arteries are reinforced 
along their length by eight to ten segmental medullary 
arteries (Fig. 2.49). The largest of these is the arteria 
radicularis magna or the artery of Adamkiewicz (Fig. 
2.49). This vessel arises in the lower thoracic or upper 103 
lumbar region, usually on the left side, and reinforces the 


= a single anterior spinal artery, which originates 
within the cranial cavity as the union of two vessels 
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arterial supply to the lower portion of the spinal cord, 
including the lumbar enlargement. 


Veins 


Veins that drain the spinal cord form a number of longitu- 
dinal channels (Fig. 2.50): 


= two pairs of veins on each side bracket the connections 
of the posterior and anterior roots to the cord; 

= one midline channel parallels the anterior median 
fissure; 

= one midline channel passes along the posterior median 
sulcus. 


These longitudinal channels drain into an extensive 
internal vertebral plexus in the extradural (epidural) space 
of the vertebral canal, which then drains into segmentally 
arranged vessels that connect with major systemic veins, 
such as the azygos system in the thorax. The internal ver- 
tebral plexus also communicates with intracranial veins. 


Meninges 
Spinal dura mater 


The spinal dura mater is the outermost meningeal mem- 
brane and is separated from the bones forming the verte- 






Anterior spinal vein 


Extradural fat 


Internal vertebral plexus 


Fig. 2.50 Veins that drain the spinal cord. 


bral canal by an extradural space (Fig. 2.51). Superiorly, 
it is continuous with the inner meningeal layer of cranial 
dura mater at the foramen magnum of the skull. Inferiorly, 
the dural sac dramatically narrows at the level of the lower 
border of vertebra SII and forms an investing sheath for the 
pial part of the filum terminale of the spinal cord. This ter- 
minal cord-like extension of dura mater (the dural part of 
the filum terminale) attaches to the posterior surface of the 
vertebral bodies of the coccyx. 

As spinal nerves and their roots pass laterally, they are 
surrounded by tubular sleeves of dura mater, which merge 
with and become part of the outer covering (epineurium) 
of the nerves. 


Arachnoid mater 


The arachnoid mater is a thin delicate membrane against, 
but not adherent to, the deep surface of the dura mater 
(Fig. 2.51). It is separated from the pia mater by the sub- 
arachnoid space. The arachnoid mater ends at the level of 
vertebra SII (see Fig. 2.47). 


Subarachnoid space 


The subarachnoid space between the arachnoid and pia 
mater contains CSF (Fig. 2.51). The subarachnoid space 
around the spinal cord is continuous at the foramen 
magnum with the subarachnoid space surrounding the 


Posterior spinal vein 





Dura mater 


Posterior spinal artery 






Anterior spinal artery 


Fig. 2.51 Meninges. 


brain. Inferiorly, the subarachnoid space terminates at 
approximately the level of the lower border of vertebra SII 
(see Fig. 2.47). 

Delicate strands of tissue (arachnoid trabeculae) are 
continuous with the arachnoid mater on one side and the 
pia mater on the other, span the subarachnoid space and 
interconnect the two adjacent membranes. Large blood 
vessels are suspended in the subarachnoid space by similar 
strands of material, which expand over the vessels to form 
a continuous external coat. 

The subarachnoid space extends further inferiorly than 
the spinal cord. The spinal cord ends at approximately the 
disc between vertebrae LI and LI, whereas the subarach- 
noid space extends to approximately the lower border of 
vertebra SII (see Fig. 2.47). The subarachnoid space is 
largest in the region inferior to the terminal end of the 
spinal cord where it surrounds the cauda equina. As a 
consequence, CSF can be withdrawn from the subarach- 
noid space in the lower lumbar region without endanger- 
ing the spinal cord. 


Subarachnoid space 





Pia mater 


Recurrent meningeal nerves 





Dura mater 


Pia mater 


The spinal pia mater is a vascular membrane that firmly 
adheres to the surface of the spinal cord (Fig. 2.51). It 
extends into the anterior median fissure and reflects as 
sleeve-like coatings onto posterior and anterior rootlets 
and roots as they cross the subarachnoid space. As the 
roots exit the space, the sleeve-like coatings reflect onto the 
arachnoid mater. 

On each side of the spinal cord, a longitudinally oriented 
sheet of pia mater (the denticulate ligament) extends 
laterally from the cord toward the arachnoid and dura 
mater (Fig. 2.51). 


= Medially, each denticulate ligament is attached to the 
spinal cord in a plane that lies between the origins of 
the posterior and anterior rootlets. 

= lLaterally, each denticulate ligament forms a series of 
triangular extensions along its free border, with the 
apex of each extension being anchored through the 
arachnoid mater to the dura mater. 
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Fig. 2.52 Arrangement of structures in the vertebral canal and the back. 


The denticulate ligaments generally occur between the 
exit points of adjacent posterior and anterior rootlets and 
position the spinal cord in the center of the subarachnoid 
space. 


Arrangement of structures in 
the vertebral canal 


The vertebral canal is bordered: 


= anteriorly by the bodies of the vertebrae, intervertebral 
discs, and posterior longitudinal ligament (Fig. 2.52); 
laterally, on each side by the pedicles and intervertebral 
foramina; and 

posteriorly by the laminae and ligamenta flava, and in 
the median plane the roots of the interspinous liga- 
ments and vertebral spinous processes. 
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Lamina 


Between the walls of the vertebral canal and the dural 
sac is an extradural space containing a vertebral plexus of 
veins embedded in fatty connective tissue. 

The vertebral spinous processes can be palpated through 
the skin in the midline in thoracic and lumbar regions of 
the back. Between the skin and spinous processes is a layer 
of superficial fascia. In lumbar regions, the adjacent spinous 
processes and the associated laminae on either side of the 
midline do not overlap, resulting in gaps between adjacent 
vertebral arches. 

When carrying out a lumbar puncture (spinal tap), the 
needle passes between adjacent vertebral spinous proc- 
esses, through the supraspinous and interspinous liga- 
ments, and enters the extradural space. The needle 
continues through the dura and arachnoid mater and 
enters the subarachnoid space, which contains CSF. 


Spinal nerves 


Each spinal nerve is connected to the spinal cord by poste- 
rior and anterior roots (Fig. 2.53): 


= the posterior root contains the processes of sensory 
neurons carrying information to the CNS—the cell 
bodies of the sensory neurons, which are derived 
embryologically from neural crest cells, are clustered in 
a spinal ganglion at the distal end of the posterior 
root, usually in the intervertebral foramen; 

= the anterior root contains motor nerve fibers, which 
carry signals away from the CNS—the cell bodies of the 
primary motor neurons are in anterior regions of the 
spinal cord. 


Medially, the posterior and anterior roots divide into 
rootlets, which attach to the spinal cord. 

A spinal segment is the area of the spinal cord that 
gives rise to the posterior and anterior rootlets, which 
will form a single pair of spinal nerves. Laterally, the pos- 
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Fig. 2.53 Basic organization of a spinal nerve. 





terior and anterior roots on each side join to form a spinal 
nerve. 

Each spinal nerve divides, as it emerges from an interver- 
tebral foramen, into two major branches: a small posterior 
ramus and a much larger anterior ramus (Fig. 2.53): 


= the posterior rami innervate only intrinsic back 
muscles (the epaxial muscles) and an associated narrow 
strip of skin on the back; 

= the anterior rami innervate most other skeletal 
muscles (the hypaxial muscles) of the body, including 
those of the limbs and trunk, and most remaining areas 
of the skin, except for certain regions of the head. 


Near the point of division into anterior and posterior 
rami, each spinal nerve gives rise to two to four small 
recurrent meningeal (sinuvertebral) nerves. These nerves 
re-enter the intervertebral foramen to supply dura, liga- 
ments, intervertebral discs, and blood vessels. 

All major somatic plexuses (cervical, brachial, lumbar, 
and sacral) are formed by anterior rami. 
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Back 


Because the spinal cord is much shorter than the verte- 
bral column, the roots of spinal nerves become longer and 
pass more obliquely from the cervical to coccygeal regions 
of the vertebral canal (Fig. 2.54). 

In adults, the spinal cord terminates at a level approxi- 
mately between vertebrae LI and LII, but this can range 
between vertebra TXII and the disc between vertebrae LII 
and LII. Consequently, posterior and anterior roots 
forming spinal nerves emerging between vertebrae in the 
lower regions of the vertebral column are connected to the 
spinal cord at higher vertebral levels. 

Below the end of the spinal cord, the posterior and 
anterior roots of lumbar, sacral, and coccygeal nerves 
pass inferiorly to reach their exit points from the 


In the clinic 


Lumbar cerebrospinal fluid tap 

A lumbar tap (puncture) is carried out to obtain a sample 
of CSF for examination. In addition, passage of a needle or 
conduit into the subarachnoid space (CSF space) is used 
to inject antibiotics, chemotherapeutic agents, and 
anesthetics. 

The lumbar region is an ideal site to access the 
subarachnoid space because the spinal cord terminates 
around the level of the disc between vertebrae LI and LII 
in the adult. The subarachnoid space extends to the 
region of the lower border of the SII vertebra. There is 
therefore a large CSF-filled space containing lumbar and 
sacral nerve roots, but no spinal cord. 

Depending on the clinician’s preference, the patient is 
placed in the lateral or prone position. A needle is passed 
in the midline in between the spinous processes into the 
extradural space. Further advancement punctures the 
dura and arachnoid mater to enter the subarachnoid 
space. Most needles push the roots away from the tip 
without causing the patient any symptoms. Once the 
needle is in the subarachnoid space, fluid can be 


vertebral canal. This terminal cluster of roots is the cauda 
equina. 


Nomenclature of spinal nerves 


There are approximately 31 pairs of spinal nerves (Fig. 
2.54), named according to their position with respect to 
associated vertebrae: 


eight cervical nerves—C1 to C8; 
twelve thoracic nerves—T1 to T12; 
five lumbar nerves—L1 to L5; 

five sacral nerves—S1 to S5; 

one coccygeal nerve—Co. 


aspirated. In some situations, it is important to measure 
CSF pressure. 

Local anesthetics can be injected into the extradural 
space or the subarachnoid space to anesthetize the sacral 
and lumbar nerve roots. Such anesthesia is useful for 
operations on the pelvis and the legs, which can then be 
carried out without the need for general anesthesia. When 
procedures are carried out the patient must be in the 
erect position and not lying on his or her side or in the 
head-down position. If a patient lies on his or her side, the 
anesthesia is likely to be unilateral. If the patient is placed 
in the head-down position, the anesthetic can pass 
cranially and potentially depress respiration. 

In some instances, anesthesiologists choose to carry 
out extradural anesthesia. A needle is placed through 
the skin, supraspinous ligament, interspinous ligament, 
and ligamenta flava into the areolar tissue and fat around 
the dura mater. Anesthetic agent is introduced and 
diffuses around the vertebral canal to anesthetize the 
exiting nerve roots and diffuse into the subarachnoid 
space. 
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Fig. 2.54 Course of spinal nerves in the vertebral canal. 
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The first cervical nerve (C1) emerges from the vertebral 
canal between the skull and vertebra CI (Fig. 2.55). There- 
fore cervical nerves C2 to C7 also emerge from the verte- 
bral canal above their respective vertebrae. Because there 
are only seven cervical vertebrae, C8 emerges between ver- 
tebrae CVII and TI. As a consequence, all remaining spinal 
nerves, beginning with T1, emerge from the vertebral 
canal below their respective vertebrae. 
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In the clinic 


Herpes zoster 

Herpes zoster is the virus that produces chickenpox in 
children. In some patients the virus remains dormant in 
the cells of the spinal ganglia. Under certain 
circumstances, the virus becomes activated and travels 
along the neuronal bundles to the areas supplied by 
that nerve (the dermatome). A rash ensues, which is 
characteristically exquisitely painful. Importantly, this 
typical dermatomal distribution is characteristic of this 
disorder. 
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Nerve C1 emerges between 
skull and CI vertebra 


Nerves C2 to C7 emerge 
superior to pedicles 


Nerve C8 emerges inferior to 
pedicle of CVII vertebra 


Nerves T1 to Co emerge 
inferior to pedicles of 
their respective vertebrae 


In the clinic 


Back pain—alternative explanations 

Back pain is an extremely common condition affecting 
almost all individuals at some stage during their life. It is 
of key clinical importance to identify whether the back 
pain relates to the vertebral column and its attachments 
or relates to others structures. 

The failure to consider other potential structures that 
may produce back pain can lead to significant mortality 
and morbidity. Pain may refer to the back from a number 
of organs situated in the retroperitoneum. Pancreatic pain 
in particular refers to the back and may be associated with 
pancreatic cancer and pancreatitis. Renal pain, which may 
be produced by stones in the renal collecting system or 
renal tumors, also typically refers to the back. More often 
than not this is usually unilateral; however, it can produce 





central posterior back pain. Enlarged lymph nodes in the 
pre- and para-aortic region may produce central posterior 
back pain and may be a sign of solid tumor malignancy, 
infection, or Hodgkin’s lymphoma. An enlarging 
abdominal aorta (abdominal aortic aneurysm) may cause 
back pain as it enlarges without rupture. Therefore it is 
critical to think of this structure as a potential cause of 
back pain, because treatment will be lifesaving. Moreover, 
a ruptured abdominal aortic aneurysm may also cause 
acute back pain in the first instance. 

In all patients back pain requires careful assessment 
not only of the vertebral column but also of the chest and 
abdomen in order not to miss other important anatomical 
structures that may produce signs and symptoms 
radiating to the back. 
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Back 


Surface anatomy 


Back surface anatomy 


Surface features of the back are used to locate muscle 
groups for testing peripheral nerves, to determine regions 
of the vertebral column, and to estimate the approximate 
position of the inferior end of the spinal cord. They are also 
used to locate organs that occur posteriorly in the thorax 
and abdomen. 


Absence of lateral curvatures 


When viewed from behind, the normal vertebral column 
has no lateral curvatures. The vertical skin furrow between 
muscle masses on either side of the midline is straight (Fig. 
2.56). 


Primary and secondary 
curvatures in the sagittal plane 


When viewed from the side, the normal vertebral column 
has primary curvatures in the thoracic and sacral/coccy- 


geal regions and secondary curvatures in the cervical and 
lumbar regions (Fig. 2.57). The primary curvatures are 
concave anteriorly. The secondary curvatures are concave 
posteriorly. 


Useful nonvertebral 
skeletal landmarks 


A number of readily palpable bony features provide useful 
landmarks for defining muscles and for locating structures 
associated with the vertebral column. Among these fea- 
tures are the external occipital protuberance, the scapula, 
and the iliac crest (Fig. 2.58). 

The external occipital protuberance is palpable in the 
midline at the back of the head just superior to the 
hairline. 

The spine, medial border, and inferior angle of the 
scapula are often visible and are easily palpable. 





Fig. 2.56 Normal appearance of the back. A. In women. B. In men. 
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Fig. 2.57 Normal curvatures of the vertebral column. 
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Fig. 2.58 Back of a woman with major palpable bony landmarks indicated. 





Back 


The iliac crest is palpable along its entire length, from 
the anterior superior iliac spine at the lower lateral margin 
of the anterior abdominal wall to the posterior superior 
iliac spine near the base of the back. The position of the 
posterior superior iliac spine is often visible as a “sacral 
dimple” just lateral to the midline. 


How to identify specific vertebral 
spinous processes 


Identification of vertebral spinous processes (Fig. 2.59A) 
can be used to differentiate between regions of the verte- 
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bral column and facilitate visualizing the position of deeper 
structures, such as the inferior ends of the spinal cord and 
subarachnoid space. 

The spinous process of vertebra CII can be identified 
through deep palpation as the most superior bony protu- 
berance in the midline inferior to the skull. 

Most of the other spinous processes, except for that of 
vertebra CVII, are not readily palpable because they are 
obscured by soft tissue. 

The spinous process of CVII is usually visible as a promi- 
nent eminence in the midline at the base of the neck (Fig. 
2.59B). 
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Fig. 2.59 The back with the positions of vertebral spinous processes and associated structures indicated. A. In a man. B. In a woman with 
neck flexed. The prominent CVII and TI vertebral spinous processes are labeled. C. In a woman with neck flexed to accentuate the 


ligamentum nuchae. 


Extending between CVII and the external occipital pro- 
tuberance of the skull is the ligamentum nuchae, which is 
readily apparent as a longitudinal ridge when the neck is 
flexed (Fig. 2.59C). 

Inferior to the spinous process of CVII is the spinous 
process of TI, which is also usually visible as a midline 
protuberance. Often it is more prominent than the spinous 
process of CVII. 

The root of the spine of the scapula is at the same level 
as the spinous process of vertebra TIII, and the inferior 
angle of the scapula is level with the spinous process of 
vertebra TVII. 

The spinous process of vertebra TXII is level with the 
midpoint of a vertical line between the inferior angle of the 
scapula and the iliac crest. 

A horizontal line between the highest point of the iliac 
crest on each side crosses through the spinous process of 
vertebra LIV. The LHI and LV vertebral spinous processes 
can be palpated above and below the LIV spinous process, 
respectively. 

The sacral dimples that mark the position of the poste- 
rior superior iliac spine are level with the SII vertebral 
spinous process. 

The tip of the coccyx is palpable at the base of the ver- 
tebral column between the gluteal masses. 


Inferior end of spinal cord 
(normally between 
LI and LII vertebra) 


Inferior end of 
subarachnoid space 








The tips of the vertebral spinous processes do not always 
lie in the same horizontal plane as their corresponding ver- 
tebral bodies. In thoracic regions, the spinous processes are 
long and sharply sloped downward so that their tips lie at 
the level of the vertebral body below. In other words, the 
tip of the TIII vertebral spinous process lies at vertebral 
level TIV. 

In lumbar and sacral regions, the spinous processes are 
generally shorter and less sloped than in thoracic regions, 
and their palpable tips more closely reflect the position of 
their corresponding vertebral bodies. As a consequence, 
the palpable end of the spinous process of vertebra LIV lies 
at approximately the LIV vertebral level. 


Visualizing the inferior ends 
of the spinal cord and 
subarachnoid space 


The spinal cord does not occupy the entire length of the 
vertebral canal. Normally in adults, it terminates at the 
level of the disc between vertebrae LI and LII; however, it 
may end as high as TXII or as low as the disc between ver- 
tebrae LII and LIII. The subarachnoid space ends at approx- 
imately the level of vertebra SII (Fig. 2.60A). 


TXII vertebral spinous process 


LIV vertebral spinous process 


SII vertebral spinous process 


Tip of coccyx 


Fig. 2.60 Back with the ends of the spinal cord and subarachnoid space indicated. A. In a man. 115 
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Fig. 2.60, cont’d Back with the ends of the spinal cord and subarachnoid space indicated. B. In a woman lying on her side in a fetal 
position, which accentuates the lumbar vertebral spinous processes and opens the spaces between adjacent vertebral arches. 
Cerebrospinal fluid can be withdrawn from the subarachnoid space in lower lumbar regions without endangering the spinal cord. 


Because the subarachnoid space can be accessed in the A 
lower lumbar region without endangering the spinal cord, 
it is important to be able to identify the position of the 
lumbar vertebral spinous processes. The LIV vertebral 
spinous process is level with a horizontal line between the 
highest points on the iliac crests. In the lumbar region, the 
palpable ends of the vertebral spinous processes lie opposite 
their corresponding vertebral bodies. The subarachnoid 
space can be accessed between vertebral levels LHI and LIV 
and between LIV and LV without endangering the spinal 
cord (Fig. 2.60B). The subarachnoid space ends at verte- 
bral level SII, which is level with the sacral dimples marking 

the posterior superior iliac spines. tatesinus 

dorsi 


Trapezius 





Identifying major muscles 


A number of intrinsic and extrinsic muscles of the back can 
readily be observed and palpated. The largest of these are 
the trapezius and latissimus dorsi muscles (Fig. 2.61A and Fe on boca E 
2.61B). Retracting the scapulae toward the midline can trapezius, and erector spinae muscles outlined. 
accentuate the rhomboid muscles (Fig. 2.61C), which lie 

deep to the trapezius muscle. The erector spinae muscles 

are visible as two longitudinal columns separated by a 

furrow in the midline (Fig. 2.61A). 


Erector spinae muscles 
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Latissimus dorsi 


Rhomboid minor 


Rhomboid major 


Fig. 2.61, cont’d Back muscles. B. In a man with arms abducted to accentuate the lateral margins of the latissimus dorsi muscles. C. In a 
woman with scapulae externally rotated and forcibly retracted to accentuate the rhomboid muscles. 
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Back 


Clinical cases 


Case 1 


SCIATICA VERSUS LUMBAGO 


A 50-year-old woman visited her local family 
practitioner with severe lower back pain radiating 
into her right buttock. 


Low back pain is a common problem in family 
practice. 


Of the many common causes of low back pain some 
need to be identified early to commence appropriate 
treatment. The common causes include an anular disc 


Case 2 


CERVICAL SPINAL CORD INJURY 


A 45-year-old man was involved in a serious car 
accident. On examination he had a severe injury to 
the cervical region of his vertebral column with 
damage to the spinal cord. In fact, his breathing 
became erratic and stopped. 


If the cervical spinal cord injury is above the level of C5, 
breathing is likely to stop. The phrenic nerve takes origin 
from C3, C4, and C5 and supplies the diaphragm. 
Breathing may not cease immediately if the lesion is just 
below C5, but does so as the cord becomes edematous 
and damage progresses superiorly. In addition, some 
respiratory and ventilatory exchange may occur by 
using neck muscles plus the sternocleidomastoid and 


tear, a disc prolapse that impinges directly on a nerve 
root, spinal stenosis, and mechanical zygapophysial joint 
pain. Overall, the main causes can be distilled into three 
central groups: mechanical back pain, degenerative joint 
disease, and neuronal compression. 


Sciatica and lumbago are not the same. Lumbago is a 
generic term referring to low back pain. Sciatica is a 
name given to pain in the area of distribution of the 
sciatic nerve (L4 to $3), which is commonly felt in the 
buttock and over the posterolateral aspects of the leg. 


trapezius muscles, which are innervated by the accessory 
nerve [XI]. 


The patient was unable to sense or move his upper 
and lower limbs. 


The patient has paralysis of the upper and lower limbs 
and is therefore quadriplegic. If breathing is unaffected, 
the lesion is below the level of C5 or at the level of C5. The 
nerve supply to the upper limbs is via the brachial plexus, 
which begins at the C5 level. The site of the spinal cord 
injury is at or above the C5 level. 


It is important to remember that although the cord has 
been transected in the cervical region, the cord below this 
level is intact. Reflex activity may therefore occur below 
the injury, but communication with the brain is lost. 


Case 3 


PSOAS ABSCESS 


A 25-year-old woman complained of increasing 
lumbar back pain. Over the ensuing weeks she was 
noted to have an enlarging lump in the right groin, 
which was mildly tender to touch. On direct 
questioning, the patient also complained of a 
productive cough with sputum containing mucus and 
blood, and she had a mild temperature. 


The chest radiograph revealed a cavitating apical lung 
mass, which explains the pulmonary history. 


Given the age of the patient a primary lung cancer is 
unlikely. The hemoptysis (coughing up blood in the 
sputum) and the rest of the history suggest the patient 
has a lung infection. Given the chest radiographic 
findings of a cavity in the apex of the lung, a diagnosis of 
tuberculosis (TB) was made. This was confirmed by 
bronchoscopy and aspiration of pus, which was cultured. 


During the patient’s pulmonary infection, the tuberculous 
bacillus had spread via the blood to vertebra LI. The bone 
destruction began in the cancellous bone of the vertebral 


Case 4 
DISSECTING THORACIC ANEURYSM 


A 72-year-old fit and healthy man was brought to the 
emergency department with severe back pain 
beginning at the level of the shoulder blades and 
extending to the mid lumbar region. The pain was of 
relatively acute onset and was continuous. The 
patient was able to walk to the gurney as he entered 
the ambulance; however, at the emergency 
department the patient complained of inability to 
use both legs. 


The attending physician examined the back thoroughly 
and found no significant abnormality. He noted that 
there was reduced sensation in both legs, and there was 
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body close to the intervertebral discs. This disease 
progressed and eroded into the intervertebral disc, which 
became infected. The disc was destroyed, and the 
infected disc material extruded around the disc anteriorly 
and passed into the psoas muscle sheath. This is not an 
uncommon finding for a tuberculous infection of the 
lumbar portion of the vertebral column. 


As the infection progressed, the pus spread within the 
psoas muscle sheath beneath the inguinal ligament to 
produce a hard mass in the groin. This is a typical finding 
for a psoas abscess. 


Fortunately for the patient, there was no evidence of 
any damage within the vertebral canal. 


The patient underwent a radiologically guided drainage 
of the psoas abscess and was treated for over 6 months 
with a long-term antibiotic regimen. She made an 
excellent recovery with no further symptoms, although 
the cavities within the lungs remain. It healed with 
sclerosis. 


virtually no power in extensor or flexor groups. The 
patient was tachycardic, which was believed to be due to 
pain, and the blood pressure obtained in the ambulance 
measured 120/80 mm Hg. It was noted that the patient's 
current blood pressure was 80/40 mm Hg; however; the 
patient did not complain of typical clinical symptoms of 
hypotension. 


On first inspection, it is difficult to “add up” these clinical 
symptoms and signs. In essence we have a progressive 
paraplegia associated with severe back pain and an 
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Case 4 (continued) 


anomaly in blood pressure measurements, which are not 
compatible with the clinical state of the patient. 


It was deduced that the blood pressure measurements 
were obtained in different arms, and both were 
reassessed. 


The blood pressure measurements were true. In the right 
arm the blood pressure measured 120/80 mm Hg and in 

the left arm the blood pressure measured 80/40 mm Hg. 

This would imply a deficiency of blood to the left arm. 


The patient was transferred from the emergency 
department to the CT scanner, and a scan was performed 
that included the chest, abdomen, and pelvis. 


The CT scan demonstrated a dissecting thoracic aortic 
aneurysm. Aortic dissection occurs when the tunica 
intima and part of the tunica media of the wall of the 
aorta become separated from the remainder of the 
tunica media and the tunica adventitia of the aorta wall. 
This produces a false lumen. Blood passes not only in the 
true aortic lumen but also through a small hole into the 
wall of the aorta and into the false lumen. It often re- 
enters the true aortic lumen inferiorly. This produces two 
channels through which blood may flow. The process of 
the aortic dissection produces considerable pain for the 
patient and is usually of rapid onset. Typically the pain is 
felt between the shoulder blades and radiating into the 
back, and although the pain is not from the back 
musculature or the vertebral column, careful 


consideration of other structures other than the back 
should always be sought. 


The difference in the blood pressure between the two 
arms indicates the level at which the dissection has 
begun. The “point of entry” is proximal to the left 
subclavian artery. At this level a small flap has been 
created, which limits the blood flow to the left upper 
limb, giving the low blood pressure recording. The 
brachiocephalic trunk has not been affected by the aortic 
dissection, and hence blood flow remains appropriate to 
the right upper limb. 


The paraplegia was caused by ischemia to the spinal 
cord. 


The blood supply to the spinal cord is from a single 
anterior spinal artery and two posterior spinal arteries. 
These arteries are fed via segmental spinal arteries at 
every vertebral level. There are a number of reinforcing 
arteries (segmental medullary arteries) along the length 
of the spinal cord—the largest of which is the artery of 
Adamkiewicz. This artery of Adamkiewicz, a segmental 
medullary artery, typically arises from the lower thoracic 
or upper lumbar region, and unfortunately during this 
patient's aortic dissection, the origin of this vessel was 
disrupted. This produces acute spinal cord ischemia and 
has produced the paraplegia in the patient. 


Unfortunately, the dissection extended, the aorta 
ruptured, and the patient succumbed. 


Case 5 


SACRAL TUMOR 


A 55-year old woman came to her physician with 
sensory alteration in the right gluteal (buttock) 
region and in the intergluteal (natal) cleft. 
Examination also demonstrated low-grade weakness 
of the muscles of the foot and subtle weakness of the 
extensor hallucis longus, extensor digitorum longus, 
and fibularis tertius on the right. The patient also 
complained of some mild pain symptoms posteriorly 
in the right gluteal region. 


A lesion was postulated in the left sacrum. 


Pain in the right sacroiliac region could easily be 
attributed to the sacroiliac joint, which is often very 
sensitive to pain. The weakness of the intrinsic muscles of 
the foot and the extensor hallucis longus, extensor 
digitorum longus, and the fibularis tertius muscles raises 
the possibility of an abnormality affecting the nerves 
exiting the sacrum and possibly the lumbosacral 
junction. The altered sensation around the gluteal region 
toward the anus would also support these anatomical 
localizing features. 


An X-ray was obtained of the pelvis. 


The X-ray appeared on first inspection unremarkable. 
However the patient underwent further investigation, 
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including CT and MRI, which demonstrated a large 
destructive lesion involving the whole of the left sacrum 
extending into the anterior sacral foramina at the S1, S2 
and $3 levels. Interestingly, plain radiographs of the 
sacrum may often appear normal on first inspection, and 
further imaging should always be sought in patients with 
a suspected sacral abnormality. 


The lesion was expansile and lytic. 


Most bony metastasis are typically nonexpansile. They 
may well erode the bone producing lytic type of lesions or 
may become very sclerotic (prostate metastases and 
breast metastases). From time to time we see a mixed 
pattern of lytic and sclerotic. 


There are anumber of uncommon instances in which 
certain metastases are expansile and lytic. These typically 
occur in renal metastases and may be seen in multiple 
myeloma. The anatomical importance of these specific 
tumors is that they often expand and impinge upon other 
structures. The expansile nature of this patient’s tumor 
within the sacrum was the cause for compression of the 
sacral nerve roots, producing her symptoms. 


The patient underwent a course of radiotherapy, had the 
renal tumor excised, and is currently undergoing a course 
of chemoimmuno therapy. 
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Conceptual overview 


GENERAL DESCRIPTION 


The thorax is an irregularly shaped cylinder with a narrow 
opening (superior thoracic aperture) superiorly and a rela- 
tively large opening (inferior thoracic aperture) inferiorly 
(Fig. 3.1). The superior thoracic aperture is open, allowing 
continuity with the neck; the inferior thoracic aperture is 
closed by the diaphragm. 


Vertebral column 
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124 Fig. 3.1 Thoracic wall and cavity. 


The musculoskeletal wall of the thorax is flexible and 
consists of segmentally arranged vertebrae, ribs, muscles, 
and the sternum. 

The thoracic cavity enclosed by the thoracic wall 
and the diaphragm is subdivided into three major 
compartments: 


Superior thoracic aperture 


Mediastinum 


Left pleural cavity 
Rib | 





Manubrium of sternum 


Sternal angle 


Body of sternum 


Xiphoid process 


Inferior thoracic aperture 


= a left and a right pleural cavity, each surrounding a 
lung; 
= the mediastinum. 


The mediastinum is a thick, flexible soft tissue partition 
oriented longitudinally in a median sagittal position. It 
contains the heart, esophagus, trachea, major nerves, and 
major systemic blood vessels. 

The pleural cavities are completely separated from each 
other by the mediastinum. Therefore, abnormal events in 
one pleural cavity do not necessarily affect the other cavity. 
This also means that the mediastinum can be entered sur- 
gically without opening the pleural cavities. 

Another important feature of the pleural cavities is that 
they extend above the level of rib I. The apex of each lung 
actually extends into the root of the neck. As a conse- 
quence, abnormal events in the root of the neck can involve 
the adjacent pleura and lung, and events in the adjacent 
pleura and lung can involve the root of the neck. 


FUNCTIONS 
Breathing 


One of the most important functions of the thorax is breath- 
ing. The thorax not only contains the lungs but also pro- 
vides the machinery necessary—the diaphragm, thoracic 
wall, and the ribs—for effectively moving air into and out 
of the lungs. 

Up and down movements of the diaphragm and changes 
in the lateral and anterior dimensions of the thoracic wall, 
caused by movements of the ribs, alter the volume of the 
thoracic cavity and are key elements in breathing. 


Protection of vital organs 


The thorax houses and protects the heart, lungs, and 
great vessels. Because of the domed shape of the diaphragm, 
the thoracic wall also offers protection to some important 
abdominal viscera. 

Much of the liver lies under the right dome of the dia- 
phragm, and the stomach and spleen lie under the left. The 
posterior aspects of the superior poles of the kidneys lie on 
the diaphragm and are anterior to rib XII, on the right, and 
to ribs XI and XII, on the left. 


Conduit 


The mediastinum acts as a conduit for structures that pass 
completely through the thorax from one body region to 
another and for structures that connect organs in the 
thorax to other body regions. 


The esophagus, vagus nerves, and thoracic duct pass 
through the mediastinum as they course between the 
abdomen and neck. 

The phrenic nerves, which originate in the neck, also 
pass through the mediastinum to penetrate and supply the 
diaphragm. 

Other structures such as the trachea, thoracic aorta, 
and superior vena cava course within the mediastinum en 
route to and from major visceral organs in the thorax. 


COMPONENT PARTS 


Thoracic wall 


The thoracic wall consists of skeletal elements and 
muscles (Fig. 3.1): 


= posteriorly, it is made up of twelve thoracic vertebrae 
and their intervening intervertebral discs; 

laterally, the wall is formed by ribs (twelve on each 
side) and three layers of flat muscles, which span the 
intercostal spaces between adjacent ribs, move the ribs 
and provide support for the intercostal spaces; 
anteriorly, the wall is made up of the sternum, which 
consists of the manubrium of sternum, body of sternum, 
and xiphoid process. 


E 


The manubrium of sternum, angled posteriorly on the 
body of sternum at the manubriosternal joint, forms the 
sternal angle, which is a major surface landmark used 
by clinicians in performing physical examinations of the 
thorax. 

The anterior (distal) end of each rib is composed of costal 
cartilage, which contributes to the mobility and elasticity 
of the wall. 

All ribs articulate with thoracic vertebrae posteriorly. 
Most ribs (from rib II to IX) have three articulations 
with the vertebral column. The head of each rib articulates 
with the body of its own vertebra and with the body of the 
vertebra above (Fig. 3.2). As these ribs curve posteriorly, 
each also articulates with the transverse process of its 
vertebra. 

Anteriorly, the costal cartilages of ribs I to VII articulate 
with the sternum. 

The costal cartilages of ribs VIII to X articulate with the 
inferior margins of the costal cartilages above them. Ribs 
XI and XII are called floating ribs because they do not 
articulate with other ribs, costal cartilages, or the sternum. 
Their costal cartilages are small, only covering their tips. 

The skeletal framework of the thoracic wall provides 
extensive attachment sites for muscles of the neck, 
abdomen, back, and upper limbs. 
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Fig. 3.2 Joints between ribs and vertebrae. 


A number of these muscles attach to ribs and function 
as accessory respiratory muscles; some of them also stabi- 
lize the position of the first and last ribs. 


Superior thoracic aperture 


Completely surrounded by skeletal elements, the superior 
thoracic aperture consists of the body of vertebra TI pos- 
teriorly, the medial margin of rib I on each side, and the 
manubrium anteriorly. 

The superior margin of the manubrium is in approxi- 
mately the same horizontal plane as the intervertebral disc 
between vertebrae TI and TIII. 

The first ribs slope inferiorly from their posterior articu- 
lation with vertebra TI to their anterior attachment to the 
manubrium. Consequently, the plane of the superior tho- 
racic aperture is at an oblique angle, facing somewhat 
anteriorly. 

At the superior thoracic aperture, the superior aspects 
of the pleural cavities, which surround the lungs, lie on 
either side of the entrance to the mediastinum (Fig. 
3:3): 

Structures that pass between the upper limb and thorax 
pass over rib I and the superior part of the pleural cavity as 
they enter and leave the mediastinum. Structures that pass 


Superior costal facet 


Costal cartilage 


between the neck and head and the thorax pass more verti- 
cally through the superior thoracic aperture. 


Inferior thoracic aperture 


The inferior thoracic aperture is large and expand- 
able. Bone, cartilage, and ligaments form its margin 
(Fig. 3.4A). 

The inferior thoracic aperture is closed by the dia- 
phragm, and structures passing between the abdomen and 
thorax pierce or pass posteriorly to the diaphragm. 

Skeletal elements of the inferior thoracic aperture are: 








= the body of vertebra TXII posteriorly; 

= rib XII and the distal end of rib XI posterolaterally; 

= the distal cartilaginous ends of ribs VII to X, which unite 
to form the costal margin anterolaterally; and 

= the xiphoid process anteriorly. 

















The joint between the costal margin and sternum lies 
roughly in the same horizontal plane as the intervertebral 
disc between vertebrae TIX and TX. In other words, the post- 
erior margin of the inferior thoracic aperture is inferior to 
the anterior margin. 

When viewed anteriorly, the inferior thoracic aperture 
is tilted superiorly. 
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Fig. 3.3 Superior thoracic aperture. 
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Fig. 3.4 A. Inferior thoracic aperture. B. Diaphragm. 


Diaphragm 
The musculotendinous diaphragm seals the inferior tho- 
racic aperture (Fig. 3.4B). 

Generally, muscle fibers of the diaphragm arise radially, 
from the margins of the inferior thoracic aperture, and 
converge into a large central tendon. 
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Because of the oblique angle of the inferior thoracic 
aperture, the posterior attachment of the diaphragm is 
inferior to the anterior attachment. 

The diaphragm is not flat; rather, it “balloons” superi- 
orly, on both the right and left sides, to form domes. The 
right dome is higher than the left, reaching as far as rib V. 
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Thorax 


As the diaphragm contracts, the height of the domes 
decreases and the volume of the thorax increases. 

The esophagus and inferior vena cava penetrate the dia- 
phragm; the aorta passes posterior to the diaphragm. 


Mediastinum 


The mediastinum is a thick midline partition that extends 
from the sternum anteriorly to the thoracic vertebrae 
posteriorly, and from the superior thoracic aperture to the 
inferior thoracic aperture. 

A horizontal plane passing through the sternal angle 
and the intervertebral disc between vertebrae TIV and 
TV separates the mediastinum into superior and inferior 
parts (Fig. 3.5). The inferior part is further subdivided by 
the pericardium, which encloses the pericardial cavity sur- 
rounding the heart. The pericardium and heart constitute 
the middle mediastinum. 

The anterior mediastinum lies between the sternum 
and the pericardium; the posterior mediastinum lies be- 
tween the pericardium and thoracic vertebrae. 


Pleural cavities 


The two pleural cavities are situated on either side of the 
mediastinum (Fig. 3.6). 
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Fig. 3.5 Subdivisions of the mediastinum. 


Each pleural cavity is completely lined by a mesothe- 
lial membrane called the pleura. 

During development, the lungs grow out of the medias- 
tinum, becoming surrounded by the pleural cavities. As 
a result, the outer surface of each organ is covered by 
pleura. 

Each lung remains attached to the mediastinum by a 
root formed by the airway, pulmonary blood vessels, lym- 
phatic tissues, and nerves. 

The pleura lining the walls of the cavity is the parietal 
pleura, whereas that reflected from the mediastinum at the 
roots and onto the surfaces of the lungs is the visceral 
pleura. Only a potential space normally exists between the 
visceral pleura covering lung and the parietal pleura lining 
the wall of the thoracic cavity. 

The lung does not completely fill the potential space 
of the pleural cavity, resulting in recesses, which do not 
contain lung and are important for accommodating 
changes in lung volume during breathing. The costodia- 
phragmatic recess, which is the largest and clinically most 
important recess, lies inferiorly between the thoracic wall 
and diaphragm. 
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Fig. 3.6 Pleural cavities. 


RELATIONSHIP TO 
OTHER REGIONS 


Neck 


The superior thoracic aperture opens directly into the root 
of the neck (Fig. 3.7). 

The superior aspect of each pleural cavity extends 
approximately 2—3 cm above rib I and the costal cartilage 
into the neck. Between these pleural extensions, major 
visceral structures pass between the neck and superior 
mediastinum. In the midline, the trachea lies immediately 
anterior to the esophagus. Major blood vessels and nerves 
pass in and out of the thorax at the superior thoracic aper- 
ture anteriorly and laterally to these structures. 
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Fig. 3.7 Superior thoracic aperture and axillary inlet. 129 





Thorax 


Upper limb 


An axillary inlet, or gateway to the upper limb, lies on 
each side of the superior thoracic aperture. These two axil- 
lary inlets and the superior thoracic aperture communi- 
cate superiorly with the root of the neck (Fig. 3.7). 

Each axillary inlet is formed by: 


the superior margin of the scapula posteriorly; 
the clavicle anteriorly; and 
the lateral margin of rib I medially. 


The apex of each triangular inlet is directed laterally 
and is formed by the medial margin of the coracoid process, 
which extends anteriorly from the superior margin of the 
scapula. 

The base of the axillary inlet’s triangular opening is the 
lateral margin of rib I. 

Large blood vessels passing between the axillary inlet 
and superior thoracic aperture do so by passing over 
rib I. 

Proximal parts of the brachial plexus also pass between 
the neck and upper limb by passing through the axillary 
inlet. 


Abdomen 


The diaphragm separates the thorax from the abdomen. 
Structures that pass between the thorax and abdomen 
either penetrate the diaphragm or pass posteriorly to it 
(Fig. 3.8): 


= the inferior vena cava pierces the central tendon of 
the diaphragm to enter the right side of the mediasti- 
num near vertebral level TVIII; 

= the esophagus penetrates the muscular part of the 
diaphragm to leave the mediastinum and enter the 
abdomen just to the left of the midline at vertebral 
level TX; 

= the aorta passes posteriorly to the diaphragm at the 
midline at vertebral level TXII; 

= numerous other structures that pass between the 
thorax and abdomen pass through or posterior to the 
diaphragm. 


Breast 


The breasts, consisting of secretory glands, superficial 
fascia, and overlying skin, are in the pectoral region on 
each side of the anterior thoracic wall (Fig. 3.9). 

Vessels, lymphatics, and nerves associated with the 


130 breast are as follows: 


= branches from the internal thoracic arteries and veins 
perforate the anterior chest wall on each side of the ster- 
num to supply anterior aspects of the thoracic wall. 
Those branches associated mainly with the second to 
fourth intercostal spaces also supply the anteromedial 
parts of each breast. 

= lymphatic vessels from the medial part of the breast 
accompany the perforating arteries and drain into the 
parasternal nodes on the deep surface of the thoracic 
wall; 

= vessels and lymphatics associated with lateral parts 
of the breast emerge from or drain into the axillary 
region of the upper limb; 

= lateral and anterior branches of the fourth to sixth inter- 
costal nerves carry general sensation from the skin of 
the breast. 


KEY FEATURES 
Vertebral level TIV/V 


When working with patients, physicians use vertebral 
levels to determine the position of important anatomical 
structures within body regions. 
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Fig. 3.8 Major structures passing between abdomen and thorax. 
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Fig. 3.9 Right breast. 


The horizontal plane passing through the disc that sepa- 
rates thoracic vertebrae TIV and TV is one of the most sig- 
nificant planes in the body (Fig. 3.10) because it: 


= passes through the sternal angle anteriorly, marking 
the position of the anterior articulation of the costal 
cartilage of rib II with the sternum. The sternal angle is 
used to find the position of rib II as a reference for count- 
ing ribs (because of the overlying clavicle, rib I is not 
palpable); 

=™ separates the superior mediastinum from the inferior 
mediastinum and marks the position of the superior 
limit of the pericardium; 
marks where the arch of the aorta begins and ends; 
passes through the site where the superior vena cava 
penetrates the pericardium to enter the heart; 

= is the level at which the trachea bifurcates into right 
and left main bronchi; and 

= marks the superior limit of the pulmonary trunk. 
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Fig. 3.10 Vertebral level TIV/V. 131 





Thorax 


Venous shunts from left to right 


The right atrium is the chamber of the heart that receives 
deoxygenated blood returning from the body. It lies on the 
right side of the midline, and the two major veins, the supe- 
rior and inferior venae cavae, that drain into it are also 
located on the right side of the body. This means that, to 
get to the right side of the body, all blood coming from the 
left side has to cross the midline. This left-to-right shunting 
is carried out by anumber of important and, in some cases, 
very large, veins, several of which are in the thorax 
(Fig. 3.11). 

In adults, the left brachiocephalic vein crosses the 
midline immediately posterior to the manubrium and 
delivers blood from the left side of the head and neck, the 
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left upper limb, and part of the left thoracic wall into the 
superior vena cava. 

The hemiazygos and accessory hemiazygos veins 
drain posterior and lateral parts of the left thoracic wall, 
pass immediately anterior to the bodies of thoracic ver- 
tebrae, and flow into the azygos vein on the right side, 
which ultimately connects with the superior vena 
cava. 


Segmental neurovascular supply 
of thoracic wall 


The arrangement of vessels and nerves that supply the 
thoracic wall reflects the segmental organization of the 
wall. Arteries to the wall arise from two sources: 
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Fig. 3.11 Left-to-right venous shunts. 
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= the thoracic aorta, which is in the posterior mediasti- 
num; and 

= a pair of vessels, the internal thoracic arteries, which 
run along the deep aspect of the anterior thoracic wall 
on either side of the sternum. 


Posterior and anterior intercostal vessels branch seg- 
mentally from these arteries and pass laterally around 
the wall, mainly along the inferior margin of each rib (Fig. 
3.12A). Running with these vessels are intercostal nerves 
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Fig. 3.12 A. Segmental neurovascular supply of thoracic wall. 





(the anterior rami of thoracic spinal nerves), which inner- 
vate the wall, related parietal pleura, and associated skin. 
The position of these nerves and vessels relative to the ribs 
must be considered when passing objects, such as chest 
tubes, through the thoracic wall. 

Dermatomes of the thorax generally reflect the segmen- 
tal organization of the thoracic spinal nerves (Fig. 3.12B). 
The exception occurs, anteriorly and superiorly, with the 
first thoracic dermatome, which is located mostly in the 
upper limb, and not on the trunk. 
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Fig. 3.12, contd B. Anterior view of thoracic dermatomes associated with thoracic spinal nerves. C. Lateral view of dermatomes associated 


with thoracic spinal nerves. 


The anterosuperior region of the trunk receives branches 
from the anterior ramus of C4 via supraclavicular branches 
of the cervical plexus. 

The highest thoracic dermatome on the anterior chest 
wall is T2, which also extends into the upper limb. In the 
midline, skin over the xiphoid process is innervated by T6. 

Dermatomes of T7 to T12 follow the contour of the ribs 
onto the anterior abdominal wall (Fig. 3.12C). 


Sympathetic system 


All preganglionic nerve fibers of the sympathetic system 
are carried out of the spinal cord in spinal nerves T1 to L2 
(Fig. 3.13). This means that sympathetic fibers found any- 
where in the body ultimately emerge from the spinal cord 
as components of these spinal nerves. Preganglionic sym- 
pathetic fibers destined for the head are carried out of the 
spinal cord in spinal nerve T1. 


Flexible wall and inferior 
thoracic aperture 


The thoracic wall is expandable because most ribs articu- 
late with other components of the wall by true joints that 


allow movement, and because of the shape and orientation 
of the ribs (Fig. 3.14). 

A rib’s posterior attachment is superior to its anterior 
attachment. Therefore, when a rib is elevated, it moves the 
anterior thoracic wall forward relative to the posterior 
wall, which is fixed. In addition, the middle part of each rib 
is inferior to its two ends, so that when this region of the 
rib is elevated, it expands the thoracic wall laterally. Finally, 
because the diaphragm is muscular, it changes the volume 
of the thorax in the vertical direction. 

Changes in the anterior, lateral, and vertical dimen- 
sions of the thoracic important for 
breathing. 


cavity are 


Innervation of the diaphragm 


The diaphragm is innervated by two phrenic nerves that 
originate, one on each side, as branches of the cervical 
plexus in the neck (Fig. 3.15). They arise from the anterior 
rami of cervical nerves C3, C4, and C5, with the major 
contribution coming from C4. 

The phrenic nerves pass vertically through the neck, 
the superior thoracic aperture, and the mediastinum 
to supply motor innervation to the entire diaphragm, 
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Fig. 3.13 Sympathetic trunks. 


including the crura (muscular extensions that attach the 
diaphragm to the upper lumbar vertebrae). In the medias- 
tinum, the phrenic nerves pass anteriorly to the roots of the 
lungs. 

The tissues that initially give rise to the diaphragm are 
in an anterior position on the embryological disc before 
the head fold develops, which explains the cervical origin 
of the nerves that innervate the diaphragm. In other 
words, the tissue that gives rise to the diaphragm 
originates superior to the ultimate location of the 
diaphragm. 

Spinal cord injuries below the level of the origin 
of the phrenic nerve do not affect movement of the 
diaphragm. 
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Fig. 3.14 Flexible thoracic wall and inferior thoracic aperture. 135 








Right phrenic nerve Left phrenic nerve 


Pericardial branch 
of phrenic nerve 


Pericardium 


Diaphragm 


Fig. 3.15 Innervation of the diaphragm. 
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Regional anatomy 


The cylindrical thorax consists of: 


= a wall; 

= two pleural cavities; 
= the lungs; and 

= the mediastinum. 


The thorax houses the heart and lungs, acts as a conduit 
for structures passing between the neck and the abdomen, 
and plays a principal role in breathing. In addition, the 
thoracic wall protects the heart and lungs and provides 
support for the upper limbs. Muscles anchored to the 
anterior thoracic wall provide some of this support, and 
together with their associated connective tissues, nerves, 
and vessels, and the overlying skin and superficial fascia, 
define the pectoral region. 


PECTORAL REGION 


The pectoral region is external to the anterior thoracic wall 
and anchors the upper limb to the trunk. It consists of: 


= a superficial compartment containing skin, superficial 
fascia, and breasts; and 

= a deep compartment containing muscles and associ- 
ated structures. 


Nerves, vessels, and lymphatics in the superficial com- 
partment emerge from the thoracic wall, the axilla, and the 
neck. 


Breast 


The breasts consist of mammary glands and associated 
skin and connective tissues. The mammary glands are 
modified sweat glands in the superficial fascia anterior 
to the pectoral muscles and the anterior thoracic wall 
(Fig. 3.16). 

The mammary glands consist of a series of ducts and 
associated secretory lobules. These converge to form 15 to 
20 lactiferous ducts, which open independently onto the 
nipple. The nipple is surrounded by a circular pigmented 
area of skin termed the areola. 

A well-developed, connective tissue stroma surrounds 
the ducts and lobules of the mammary gland. In certain 


regions, this condenses to form well-defined ligaments, 
the suspensory ligaments of breast, which are continu- 
ous with the dermis of the skin and support the breast. 
Carcinoma of the breast creates tension on these ligaments, 
causing pitting of the skin. 

In nonlactating women, the predominant component of 
the breasts is fat, while glandular tissue is more abundant 
in lactating women. 

The breast lies on deep fascia related to the pectoralis 
major muscle and other surrounding muscles. A layer of 
loose connective tissue (the retromammary space) sepa- 
rates the breast from the deep fascia and provides some 
degree of movement over underlying structures. 

The base, or attached surface, of each breast extends 
vertically from ribs II to VI, and transversely from the 
sternum to as far laterally as the midaxillary line. 

It is important for clinicians to remember when evaluat- 
ing the breast for pathology that the upper lateral region 
of the breast can project around the lateral margin of the 
pectoralis major muscle and into the axilla. This axillary 
process (axillary tail) may perforate deep fascia and extend 
as far superiorly as the apex of the axilla. 


Arterial supply 


The breast is related to the thoracic wall and to structures 
associated with the upper limb; therefore, vascular supply 
and drainage can occur by multiple routes (Fig. 3.16): 


= laterally, vessels from the axillary artery—superior tho- 
racic, thoraco-acromial, lateral thoracic, and subscap- 
ular arteries; 
medially, branches from the internal thoracic artery; 
the second to fourth intercostal arteries via branches 
that perforate the thoracic wall and overlying 
muscle. 


Venous drainage 


Veins draining the breast parallel the arteries and ulti- 
mately drain into the axillary, internal thoracic, and inter- 
costal veins. 


Innervation 


Innervation of the breast is via anterior and lateral 
cutaneous branches of the second to sixth intercostal 
nerves. The nipple is innervated by the fourth intercostal 
nerve. 
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Fig. 3.16 Breasts. 


Lymphatic drainage Axillary nodes drain into the subclavian trunks, para- 


Lymphatic drainage of the breast is as follows: sternal nodes drain into the bronchomediastinal trunks, 
and intercostal nodes drain either into the thoracic duct or 


= approximately 75% is via lymphatic vessels that drain into the bronchomediastinal trunks. 
laterally and superiorly into axillary nodes (Fig. 3.16); 
= most of the remaining drainage is into parasternal 
nodes deep to the anterior thoracic wall and associated 


with the internal thoracic artery; and Breast in men 


= some drainage may occur via lymphatic vessels that The breast in men is rudimentary and consists only of 
follow the lateral branches of posterior intercostal small ducts, often composed of cords of cells, that normally 
arteries and connect with intercostal nodes situated do not extend beyond the areola. Breast cancer can occur 
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In the clinic 


Breast cancer 

Breast cancer is one of the most common 
malignancies in women. In the early stages, curative 
treatment may include surgery, radiotherapy, and 
chemotherapy. 

Breast cancer develops in the cells of the acini, 
lactiferous ducts, and lobules of the breast. Tumor 
growth and spread depends on the exact cellular site of 
origin of the cancer. These factors affect the response to 
surgery, chemotherapy, and radiotherapy. Breast tumors 
spread via the lymphatics and veins, or by direct 
invasion. 

When a patient has a lump in the breast, a diagnosis of 
breast cancer is confirmed by a biopsy and histological 
evaluation. Once confirmed, the clinician must attempt to 
stage the tumor. 

Staging the tumor means defining the: 


= size of the primary tumor; 

= exact site of the primary tumor; 

= number and sites of lymph node spread; and 
= organs to which the tumor may have spread. 


Computed tomography (CT) scanning of the body may 
be carried out to look for any spread to the lungs 
(pulmonary metastases), liver (hepatic metastases), or 
bone (bony metastases). 


Muscles of the pectoral region 


Each pectoral region contains the pectoralis major, pecto- 
ralis minor, and subclavius muscles (Fig. 3.17 and Table 
3.1). All originate from the anterior thoracic wall and 
insert into bones of the upper limb. 


Pectoralis major 


The pectoralis major muscle is the largest and most 
superficial of the pectoral region muscles. It directly 
underlies the breast and is separated from it by deep fascia 
and the loose connective tissue of the retromammary 
space. 

Pectoralis major has a broad origin that includes the 
anterior surfaces of the medial half of the clavicle, the 
sternum, and related costal cartilages. The muscle 
fibers converge to form a flat tendon, which inserts 
into the lateral lip of the intertubercular sulcus of the 
humerus. 


Regional anatomy ° Pectoral region 





Further imaging may include bone scanning using 
radioactive isotopes, which are avidly taken up by the 
tumor metastases in bone. 

Lymph drainage of the breast is complex. Lymph 
vessels pass to axillary, supraclavicular, parasternal, and 
abdominal lymph nodes, as well as the opposite breast. 
Containment of nodal metastatic breast cancer is 
therefore potentially difficult because it can spread 
through many lymph node groups. 

Subcutaneous lymphatic obstruction and tumor 
growth pull on connective tissue ligaments in the breast 
resulting in the appearance of an orange peel texture 
(peau d’orange) on the surface of the breast. Further 
subcutaneous spread can induce a rare manifestation of 
breast cancer that produces a hard, woody texture to the 
skin (cancer en cuirasse). 

A mastectomy (surgical removal of the breast) involves 
excision of the breast tissue to the pectoralis major muscle 
and fascia. Within the axilla the breast tissue must be 
removed from the medial axillary wall. Closely applied to 
the medial axillary wall is the long thoracic nerve. Damage 
to this nerve can result in paralysis of the serratus anterior 
muscle producing a characteristic “winged” scapula. It is 
also possible to damage the nerve to the latissimus dorsi 
muscle, and this may affect extension, medial rotation, 
and adduction of the humerus. 


Pectoralis major adducts, flexes, and medially rotates 
the arm. 


Subclavius and pectoralis minor 


The subclavius and pectoralis minor muscles underlie 
pectoralis major: 


subclavius is small and passes laterally from the ante- 
rior and medial part of rib I to the inferior surface of the 
clavicle; 

pectoralis minor passes from the anterior surfaces of 
ribs III to V to the coracoid process of the scapula. 


Both subclavius and pectoralis minor pull the tip of the 
shoulder inferiorly. 

A continuous layer of deep fascia, clavipectoral fascia, 
encloses subclavius and pectoralis minor and attaches to 
the clavicle above and to the floor of the axilla below. 139 
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Fig. 3.17 Muscles and fascia of the pectoral region. 


Table 3.1 Muscles of the pectoral region 


Muscle Origin Insertion Innervation Function 

Pectoralis major Medial half of clavicle and anterior surface of Lateral lip of Medial and Adduction, medial rotation, and 
sternum, first seven costal cartilages, intertubercular lateral pectoral flexion of the humerus at the 
aponeurosis of external oblique sulcus of humerus nerves shoulder joint 

Subclavius Rib I at junction between rib and costal Groove on inferior Nerve to Pulls clavicle medially to stabilize 
cartilage surface of middle subclavius sternoclavicular joint 


third of clavicle 


Pectoralis minor Anterior surfaces of the third, fourth and Coracoid process of Medial pectoral Depresses tip of shoulder; 
fifth ribs, and deep fascia overlying the scapula nerves protracts scapula 
related intercostal spaces 


The muscles of the pectoral region form the anterior pectoral region and the axilla pass through the clavipec- 
wall of the axilla, a region between the upper limb and toral fascia between subclavius and pectoralis minor or 
the neck through which all major structures pass. pass under the inferior margins of pectoralis major and 
Nerves, vessels, and lymphatics that pass between the minor. 


140 


Anterior 











Vertebral body 


Vertebral 
foramen 


Spinous process 


Facet for articulation 
with tubercle of rib 


Posterior 


Superior view 


Fig. 3.18 Typical thoracic vertebra. 


THORACIC WALL 


The thoracic wall is segmental in design and composed of 
skeletal elements and muscles. It extends between: 


= the superior thoracic aperture bordered by vertebra TI, 
rib I, and the manubrium of sternum; and 

= the inferior thoracic aperture bordered by vertebra 
TXII, rib XII, the end of rib XI, the costal margin, and 
the xiphoid process of sternum. 


Skeletal framework 


The skeletal elements of the thoracic wall consist of tho- 
racic vertebrae, intervertebral discs, ribs, and sternum. 


Thoracic vertebrae 


There are twelve thoracic vertebrae, each of which is 
characterized by articulations with ribs. 


A typical thoracic vertebra 


A typical thoracic vertebra has a heart-shaped vertebral 
body, with roughly equal dimensions in the transverse 
and anteroposterior directions, and a long spinous process 
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(Fig. 3.18). The vertebral foramen is generally circular 
and the laminae are broad and overlap with those of the 
vertebra below. The superior articular processes are 
flat, with their articular surfaces facing almost directly pos- 
teriorly, while the inferior articular processes project 
from the laminae and their articular facets face anteriorly. 
The transverse processes are club shaped and project 
posterolaterally. 


Articulation with ribs 


A typical thoracic vertebra has three sites on each side for 
articulation with ribs. 


= Two demifacets (i.e., partial facets) are located on the 
superior and inferior aspects of the body for articulation 
with corresponding sites on the heads of adjacent ribs. 
The superior costal facet articulates with part of the 
head of its own rib, and the inferior costal facet artic- 
ulates with part of the head of the rib below. 

= An oval facet (transverse costal facet) at the end of 
the transverse process articulates with the tubercle of 
its own rib. 
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Not all vertebrae articulate with ribs in the same fashion 


(Fig. 3.19): 


= the superior costal facets on the body of vertebra TI are 


complete and articulate with a single facet on the head 
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Fig. 3.19 Typical thoracic vertebrae. 


of its own rib—in other words, the head of rib I does not 
articulate with vertebra CVII; 

= similarly, vertebra TX (and often TIX) articulates only 
with its own ribs and therefore lacks inferior demifacets 
on the body; 

= vertebrae TXI and TXII articulate only with the heads 
of their own ribs—they lack transverse costal facets and 
have only a single complete facet on each side of their 
bodies. 


Ribs 
There are twelve pairs of ribs, each terminating anteriorly 
in a costal cartilage (Fig. 3.20). 

Although all ribs articulate with the vertebral column, 
only the costal cartilages of the upper seven ribs, known 
as true ribs, articulate directly with the sternum. The 
remaining five pairs of ribs are false ribs: 


= the costal cartilages of ribs VIII to X articulate anteri- 
orly with the costal cartilages of the ribs above; 

= ribs XI and XII have no anterior connection with other 
ribs or with the sternum and are often called floating 
ribs. 
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Costal cartilage 
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Fig. 3.20 Ribs. 


A typical rib consists of a curved shaft with anterior and 
posterior ends (Fig. 3.21). The anterior end is continuous 
with its costal cartilage. The posterior end articulates with 
the vertebral column and is characterized by a head, neck, 
and tubercle. 

The head is somewhat expanded and typically presents 
two articular surfaces separated by a crest. The smaller 
superior surface articulates with the inferior costal facet on 
the body of the vertebra above, whereas the larger inferior 
facet articulates with the superior costal facet of its own 
vertebra. 

The neck is a short flat region of bone that separates 
the head from the tubercle. 

The tubercle projects posteriorly from the junction of 
the neck with the shaft and consists of two regions, an 
articular part and a nonarticular part: 


= the articular part is medial and has an oval facet for 
articulation with a corresponding facet on the trans- 
verse process of the associated vertebra; 

= the raised nonarticular part is roughened by ligament 
attachments. 
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Fig. 3.21 A typical rib. A. Anterior view. B. Posterior view of 
proximal end of rib. 


The shaft is generally thin and flat with internal and 
external surfaces. 

The superior margin is smooth and rounded, whereas 
the inferior margin is sharp. The shaft bends forward just 
laterally to the tubercle at a site termed the angle. It also 
has a gentle twist around its longitudinal axis so that the 
external surface of the anterior part of the shaft faces some- 
what superiorly relative to the posterior part. The inferior 
margin of the internal surface is marked by a distinct 
costal groove. 


Distinct features of upper and 
lower ribs 


The upper and lower ribs have distinct features (Fig. 
3.22). 


Rib | 

Rib I is flat in the horizontal plane and has broad superior 
and inferior surfaces. From its articulation with vertebra 
TI, it slopes inferiorly to its attachment to the manubrium 
of sternum. The head articulates only with the body of 
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Fig. 3.22 Atypical ribs. 
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Thorax 


vertebra TI and therefore has only one articular surface. 
Like other ribs, the tubercle has a facet for articulation with 
the transverse process. The superior surface of the rib is 
characterized by a distinct tubercle, the scalene tubercle, 
which separates two smooth grooves that cross the rib 
approximately midway along the shaft. The anterior 
groove is caused by the subclavian vein, and the posterior 
groove is caused by the subclavian artery. Anterior and 
posterior to these grooves, the shaft is roughened by 
muscle and ligament attachments. 


Rib II 


Rib II, like rib I, is flat but twice as long. It articulates with 
the vertebral column in a way typical of most ribs. 


Rib X 
The head of rib X has a single facet for articulation with 
its own vertebra. 


Ribs XI and XIl 


Ribs XI and XII articulate only with the bodies of their 
own vertebrae and have no tubercles or necks. Both 
ribs are short, have little curve, and are pointed 
anteriorly. 


Sternum 


The adult sternum consists of three major elements: the 
broad and superiorly positioned manubrium of sternum, 
the narrow and longitudinally oriented body of sternum, 
and the small and inferiorly positioned xiphoid process 
(Fig. 3.23). 


Manubrium of sternum 


The manubrium of sternum forms part of the bony 
framework of the neck and the thorax. 

The superior surface of the manubrium is expanded 
laterally and bears a distinct and palpable notch, the 
jugular notch (suprasternal notch), in the midline. 
On either side of this notch is a large oval fossa for articu- 
lation with the clavicle. Immediately inferior to this fossa, 
on each lateral surface of the manubrium, is a facet for 
the attachment of the first costal cartilage. At the lower 
end of the lateral border is a demifacet for articulation 
with the upper half of the anterior end of the second 
costal cartilage. 


Body of the sternum 


The body of the sternum is flat. 

The anterior surface of the body of the sternum is often 
marked by transverse ridges that represent lines of fusion 
between the segmental elements called sternebrae, from 
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Fig. 3.23 Sternum. 


The lateral margins of the body of the sternum have 
articular facets for costal cartilages. Superiorly, each lateral 
margin has a demifacet for articulation with the inferior 
aspect of the second costal cartilage. Inferior to this demi- 
facet are four facets for articulation with the costal carti- 
lages of ribs HI to VI. 

At the inferior end of the body of the sternum is a demi- 
facet for articulation with the upper demifacet on the 
seventh costal cartilage. The inferior end of the body of the 
sternum is attached to the xiphoid process. 


Xiphoid process 


The xiphoid process is the smallest part of the sternum. 
Its shape is variable: it may be wide, thin, pointed, bifid, 
curved, or perforated. It begins as a cartilaginous struc- 
ture, which becomes ossified in the adult. On each side of 
its upper lateral margin is a demifacet for articulation with 
the inferior end of the seventh costal cartilage. 


Joints 
Costovertebral joints 
A typical rib articulates with: 


= the bodies of adjacent vertebrae, forming a joint with 
the head of the rib; and 

= the transverse process of its related vertebra, forming a 
costotransverse joint (Fig. 3.24). 


Together, the costovertebral joints and related liga- 
ments allow the necks of the ribs either to rotate around 
their longitudinal axes, which occurs mainly in the upper 
ribs, or to ascend and descend relative to the vertebral 
column, which occurs mainly in the lower ribs. The com- 
bined movements of all of the ribs on the vertebral column 
are essential for altering the volume of the thoracic cavity 
during breathing. 


Joint with head of rib 


The two facets on the head of the rib articulate with the 
superior facet on the body of its own vertebra and with the 
inferior facet on the body of the vertebra above. This joint 
is divided into two synovial compartments by an intra- 
articular ligament, which attaches the crest to the adjacent 
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Fig. 3.24 Costovertebral joints. 


Joint capsule 


intervertebral disc and separates the two articular surfaces 
on the head of the rib. The two synovial compartments and 
the intervening ligament are surrounded by a single joint 
capsule attached to the outer margins of the combined 
articular surfaces of the head and vertebral column. 


Costotransverse joints 


Costotransverse joints are synovial joints between the 
tubercle of a rib and the transverse process of the related 
vertebra (Fig. 3.24). The capsule surrounding each joint is 
thin. The joint is stabilized by two strong extracapsular liga- 
ments that span the space between the transverse process 
and the rib on the medial and lateral sides of the joint: 


= the costotransverse ligament is medial to the joint 
and attaches the neck of the rib to the transverse 
process; 

= the lateral costotransverse ligament is lateral to the 
joint and attaches the tip of the transverse process to 
the roughened nonarticular part of the tubercle of 
the rib. 


A third ligament, the superior costotransverse liga- 
ment, attaches the superior surface of the neck of the rib 
to the transverse process of the vertebra above. 
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Thorax 


Slight gliding movements occur at the costotransverse 
joints. 


Sternocostal joints 


The sternocostal joints are joints between the upper seven 
costal cartilages and the sternum (Fig. 3.25). 

The joint between rib I and the manubrium is not 
synovial and consists of a fibrocartilaginous connection 
between the manubrium and the costal cartilage. The sec- 
ond to seventh joints are synovial and have thin capsules 
reinforced by surrounding sternocostal ligaments. 

The joint between the second costal cartilage and the 
sternum is divided into two compartments by an intra- 
articular ligament. This ligament attaches the second 
costal cartilage to the junction of the manubrium and the 
body of the sternum. 














Sternal angle 


Fig. 3.25 Sternocostal joints. 
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Interchondral joints 


Interchondral joints occur between the costal cartilages of 
adjacent ribs (Fig. 3.25), mainly between the costal carti- 
lages of ribs VII to X, but may also involve the costal carti- 
lages of ribs V and VI. 

Interchondral joints provide indirect anchorage to 
the sternum and contribute to the formation of a smooth 
inferior costal margin. They are usually synovial, and the 
thin fibrous capsules are reinforced by interchondral 
ligaments. 


Manubriosternal and xiphisternal joints 


The joints between the manubrium and body of sternum 
and between the body of sternum and the xiphoid process 
are usually symphyses (Fig. 3.25). Only slight angular 
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movements occur between the manubrium and body of 
sternum during respiration. The joint between the body of 
sternum and the xiphoid process often becomes ossified 
with age. 

A clinically useful feature of the manubriosternal joint 
is that it can be palpated easily. This is because the manu- 
brium normally angles posteriorly on the body of sternum, 
forming a raised feature referred to as the sternal angle. 
This elevation marks the site of articulation of rib II with 
the sternum. Rib I is not palpable because it lies inferior to 
the clavicle and is embedded in tissues at the base of the 
neck. Therefore, rib II is used as a reference for counting 
ribs and can be felt immediately lateral to the sternal 
angle. 

In addition, the sternal angle lies on a horizontal plane 
that passes through the intervertebral disc between verte- 
brae TIV and TV (see Fig. 3.10). This plane separates the 
superior mediastinum from the inferior mediastinum and 
marks the superior border of the pericardium. The plane 
also passes through the end of the ascending aorta and the 
beginning of the arch of the aorta, the end of the arch of 


In the clinic 


Cervical ribs 
Cervical ribs are present in approximately 1% of the 
population. 

A cervical rib is an accessory rib articulating with 
vertebra CVII; the anterior end attaches to the superior 
border of the anterior aspect of rib l. 

Plain radiographs may demonstrate cervical ribs as 
small horn-like structures. 

It is often not appreciated by clinicians that a fibrous 
band commonly extends from the anterior tip of the 
small cervical ribs to rib |, producing a “cervical band” 
that is not visualized on radiography. In patients with 
cervical ribs and cervical bands, structures that normally 
pass over rib | are elevated by, and pass over, the 
cervical rib and band (see Fig. 3.7). 

Clinically, thoracic outlet syndrome is used to 
describe symptoms resulting from abnormal 
compression of the brachial plexus of nerves as it passes 
over the first rib and through the axillary inlet into the 
upper limb. The anterior ramus of T1 passes superiorly 
out of the superior thoracic aperture to join and 
become part of the brachial plexus. The cervical band 
from a cervical rib is one cause of thoracic outlet 
syndrome by putting upward stresses on the lower 
parts of the brachial plexus as they pass over the first 
rib. 


Regional anatomy ° Thoracic wall 


the aorta and the beginning of the thoracic aorta, the bifur- 
cation of the trachea, and just superior to the pulmonary 
trunk (see Figs. 3.78 and 3.85). 


Intercostal spaces 


Intercostal spaces lie between adjacent ribs and are filled 
by intercostal muscles (Fig. 3.26). 

Intercostal nerves and associated major arteries and 
veins lie in the costal groove along the inferior margin of 
the superior rib and pass in the plane between the inner 
two layers of muscles. 

In each space, the vein is the most superior structure 
and is therefore highest in the costal groove. The artery is 
inferior to the vein, and the nerve is inferior to the artery 
and often not protected by the groove. Therefore, the nerve 
is the structure most at risk when objects perforate the 
upper aspect of an intercostal space. Small collateral 
branches of the major intercostal nerves and vessels are 
often present superior to the inferior rib below. 


In the clinic 


Collection of sternal bone marrow 

The subcutaneous position of the sternum makes it 
possible to place a needle through the hard outer 
cortex into the internal (or medullary) cavity containing 
bone marrow. Once the needle is in this position, bone 
marrow can be aspirated. Evaluation of this material 
under the microscope helps clinicians diagnose certain 
blood diseases such as leukemia. 


In the clinic 


Rib fractures 
Single rib fractures are of little consequence, though 
extremely painful. 

After severe trauma, ribs may be broken in two or 
more places. If enough ribs are broken, a loose segment 
of chest wall, a flail segment (flail chest), is produced. 
When the patient takes a deep inspiration, the flail 
segment moves in the opposite direction to the chest 
wall, preventing full lung expansion and creating a 
paradoxically moving segment. If a large enough 
segment of chest wall is affected, ventilation may be 
impaired and assisted ventilation may be required until 
the ribs have healed. 
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Deep to the intercostal spaces and ribs, and separating 
these structures from the underlying pleura, is a layer of 
loose connective tissue, called endothoracic fascia, 
which contains variable amounts of fat. 

Superficial to the spaces are deep fascia, superficial 
fascia, and skin. Muscles associated with the upper limbs 
and back overlie the spaces. 
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Muscles 


Muscles of the thoracic wall include those that fill and 
support the intercostal spaces, those that pass between the 
sternum and the ribs, and those that cross several ribs 
between costal attachments (Table 3.2). 

The muscles of the thoracic wall, together with muscles 
between the vertebrae and ribs posteriorly (i.e., the leva- 
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Fig. 3.26 Intercostal space. A. Anterolateral view. B. Details of an intercostal space and relationships. 
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Fig. 3.26, cont’d Intercostal space. C. Transverse section. 


tores costarum, and serratus posterior superior and 
serratus posterior inferior muscles) alter the position 
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Internal thoracic artery 
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External intercostal 
muscle 
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Spinal nerve 


of the ribs and sternum and so change thoracic volume 
during breathing. They also reinforce the thoracic wall. 


Intercostal muscles 


The intercostal muscles are three flat muscles found in a 
each intercostal space that pass between adjacent ribs (Fig. 


Table 3.2 Muscles of the thoracic wall 


Muscle 


External 


Superior attachment 


Inferior margin of rib above 


= the external 


superficial; 


Inferior attachment 


Anterior perforating branch 





Anterior intercostal artery 


intercostal 


Innervation 


Intercostal 


Aorta 


muscles 


Lateral cutaneous 
branch 


Posterior intercostal artery 


3.27). Individual muscles in this group are named accord- 
ing to their positions: 


are the most 


the internal intercostal muscles are sandwiched be- 
tween the external and innermost muscles. 


Function 


Superior margin of rib below 


intercostal 


Internal 


nerves; [1-111 


Intercostal 


Most active during 
inspiration; supports 
intercostal space; moves 
ribs superiorly 


Lateral edge of costal groove of rib above 


intercostal 


Innermost 


Superior margin of rib below 
deep to the attachment of the 
related external intercostal 


nerves; T1-T11 


Intercostal 


Most active during 
expiration; supports 
intercostal space; moves 
ribs inferiorly 


Acts with internal 


Medial edge of costal groove of rib above 


intercostal 


Subcostales 


Internal surface (near angle) of lower ribs 


Internal aspect of superior 
margin of rib below 


Internal surface of second or 
third rib below 


nerves; T1-T11 


Related 
intercostal nerves 


Related 


intercostal muscles 


May depress ribs 


Inferior margins and internal surfaces of 


Transversus 
thoracis 


costal cartilages of second to sixth ribs 


Inferior aspect of deep surface of 
body of sternum, xiphoid 
process and costal cartilages ribs 
IV-VII 


intercostal nerves 


Depresses costal 
cartilages 
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The intercostal muscles are innervated by the related 
intercostal nerves. As a group, the intercostal muscles pro- 
vide structural support for the intercostal spaces during 
breathing. They can also move the ribs. 


External intercostal muscles 

The eleven pairs of external intercostal muscles extend 
from the inferior margins (lateral edges of costal grooves) 
of the ribs above to the superior margins of the ribs below. 
When the thoracic wall is viewed from a lateral position, 
the muscle fibers pass obliquely anteroinferiorly (Fig. 3.27). 
The muscles extend around the thoracic wall from the 
regions of the tubercles of the ribs to the costal cartilages, 
where each layer continues as a thin connective tissue 
aponeurosis termed the external intercostal mem- 


External intercostal muscle Intercostal nerve 


Intercostal artery 


Intercostal vein 


Internal intercostal muscle 


Innermost intercostal muscle 


Collateral branches 


Fig. 3.27 Intercostal muscles. 


brane. The external intercostal muscles are most active in 
inspiration. 


Internal intercostal muscles 


The eleven pairs of internal intercostal muscles pass 
between the most inferior lateral edge of the costal grooves 
of the ribs above, to the superior margins of the ribs below. 
They extend from parasternal regions, where the muscles 
course between adjacent costal cartilages, to the angle of 
the ribs posteriorly (Fig. 3.27). This layer continues medi- 
ally toward the vertebral column, in each intercostal space, 
as the internal intercostal membrane. The muscle 
fibers pass in the opposite direction to those of the external 
intercostal muscles. When the thoracic wall is viewed from 
a lateral position, the muscle fibers pass obliquely postero- 










External intercostal membrane 


External intercostal muscle 


inferiorly. The internal intercostal muscles are most active 
during expiration. 


Innermost intercostal muscles 


The innermost intercostal muscles are the least distinct 
of the intercostal muscles, and the fibers have the same 
orientation as the internal intercostals (Fig. 3.27). These 
muscles are most evident in the lateral thoracic wall. They 
extend between the inner surfaces of adjacent ribs from the 
medial edge of the costal groove to the deep surface of the 
rib below. Importantly, the neurovascular bundles associ- 
ated with the intercostal spaces pass around the thoracic 
wall in the costal grooves in a plane between the innermost 
and internal intercostal muscles. 


Subcostales 


The subcostales are in the same plane as the innermost 
intercostals, span multiple ribs, and are more numerous in 
lower regions of the posterior thoracic wall (Fig. 3.28A). 
They extend from the internal surfaces of one rib to the 
internal surface of the second (next) or third rib below. 
Their fibers parallel the course of the internal intercostal 
muscles and extend from the angle of the ribs to more 
medial positions on the ribs below. 


Transversus thoracis muscles 


The transversus thoracis muscles are found on the 
deep surface of the anterior thoracic wall (Fig. 3.28B) and 
in the same plane as the innermost intercostals. 

The transversus thoracis muscles originate from the 
posterior aspect of the xiphoid process, the inferior part of 
the body of the sternum, and the adjacent costal cartilages 
of the lower true ribs. They pass superiorly and laterally 
to insert into the lower borders of the costal cartilages of 
ribs II to VI. They most likely pull these latter elements 
inferiorly. 

The transversus thoracis muscles lie deep to the internal 
thoracic vessels and secure these vessels to the wall. 


Arterial supply 


Vessels that supply the thoracic wall consist mainly of 
posterior and anterior intercostal arteries, which pass 
around the wall between adjacent ribs in intercostal spaces 
(Fig. 3.29). These arteries originate from the aorta and 
internal thoracic arteries, which in turn arise from the sub- 
clavian arteries in the root of the neck. Together, the inter- 
costal arteries form a basket-like pattern of vascular supply 
around the thoracic wall. 


Posterior intercostal arteries 


Posterior intercostal arteries originate from vessels 
associated with the posterior thoracic wall. The upper two 
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Subcostal muscles 





Transversus thoracis muscle 


Fig. 3.28 A. Subcostal muscles. B. Transversus thoracis muscles. 


posterior intercostal arteries on each side are derived from 
the supreme intercostal artery, which descends into the 
thorax as a branch of the costocervical trunk in the neck. 
The costocervical trunk is a posterior branch of the sub- 
clavian artery (Fig. 3.29). 

The remaining nine pairs of posterior intercostal arter- 
ies arise from the posterior surface of the thoracic aorta. 
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Fig. 3.29 Arteries of the thoracic wall. 


Because the aorta is on the left side of the vertebral column, 
those posterior intercostal vessels passing to the right side 
of the thoracic wall cross the midline anterior to the bodies 
of the vertebrae and therefore are longer than the corre- 
sponding vessels on the left. 

In addition to having numerous branches that supply 
various components of the wall, the posterior intercostal 
arteries have branches that accompany lateral cutaneous 
branches of the intercostal nerves to superficial regions. 


Anterior intercostal arteries 


The anterior intercostal arteries originate directly or 
indirectly as lateral branches from the internal thoracic 
arteries (Fig. 3.29). 


Aorta 


Internal thoracic artery 


Anterior perforating 
branches 


Anterior intercostal artery 


Superior epigastric artery 


Each internal thoracic artery arises as a major branch 
of the subclavian artery in the neck. It passes anteriorly 
over the cervical dome of pleura and descends vertically 
through the superior thoracic aperture and along the deep 
aspect of the anterior thoracic wall. On each side, the inter- 
nal thoracic artery lies posterior to the costal cartilages of 
the upper six ribs and about 1 cm lateral to the sternum. 
At approximately the level of the sixth intercostal space, it 
divides into two terminal branches: 


= the superior epigastric artery, which continues infe- 
riorly into the anterior abdominal wall (Fig. 3.29); 

= the musculophrenic artery, which passes along the 
costal margin, goes through the diaphragm, and ends 
near the last intercostal space. 


Anterior intercostal arteries that supply the upper six 
intercostal spaces arise as lateral branches from the inter- 
nal thoracic artery, whereas those supplying the lower 
spaces arise from the musculophrenic artery. 

In each intercostal space, the anterior intercostal arter- 
ies usually have two branches: 


= one passes below the margin of the upper rib; 

= the other passes above the margin of the lower rib and 
meets a collateral branch of the posterior intercostal 
artery. 


The distributions of the anterior and posterior intercos- 
tal vessels overlap and can develop anastomotic connec- 
tions. The anterior intercostal arteries are generally smaller 
than the posterior vessels. 

In addition to anterior intercostal arteries and a number 
of other branches, the internal thoracic arteries give rise to 
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Fig. 3.30 Veins of the thoracic wall. 


perforating branches that pass directly forward between 
the costal cartilages to supply structures external to the 
thoracic wall. These vessels travel with the anterior cuta- 
neous branches of intercostal nerves. 


Venous drainage 


Venous drainage from the thoracic wall generally parallels 
the pattern of arterial supply (Fig. 3.30). 

Centrally, the intercostal veins ultimately drain into the 
azygos system of veins or into internal thoracic veins, 
which connect with the brachiocephalic veins in the 
neck. 

Often the upper posterior intercostal veins on the left side 
come together and form the left superior intercostal 
vein, which empties into the left brachiocephalic vein. 

Similarly, the upper posterior intercostal veins on the 
right side may come together and form the right superior 
intercostal vein, which empties into the azygos vein. 
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Lymphatic drainage 
Lymphatic vessels of the thoracic wall drain mainly into 
lymph nodes associated with the internal thoracic arteries 
(parasternal nodes), with the heads and necks of ribs 
(intercostal nodes), and with the diaphragm (diaphrag- 
matic nodes) (Fig. 3.31). Diaphragmatic nodes are poste- 
rior to the xiphoid and at sites where the phrenic nerves 
penetrate the diaphragm. They also occur in regions where 
the diaphragm is attached to the vertebral column. 
Parasternal nodes drain into bronchomediastinal 
trunks. Intercostal nodes in the upper thorax also drain 
into bronchomediastinal trunks, whereas intercostal nodes 
in the lower thorax drain into the thoracic duct. 
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154 Fig. 3.31 Major lymphatic vessels and nodes of the thoracic wall. 







Nodes associated with the diaphragm interconnect 
with parasternal, prevertebral, juxta-esophageal nodes, 
brachiocephalic (anterior to the brachiocephalic veins in 
the superior mediastinum), and lateral aortic/lumbar 
nodes (in the abdomen). 

Superficial regions of the thoracic wall drain mainly 
into axillary lymph nodes in the axilla or parasternal 
nodes. 


Innervation 
Intercostal nerves 


Innervation of the thoracic wall is mainly by the intercos- 
tal nerves, which are the anterior rami of spinal nerves 
T1 to T11 and lie in the intercostal spaces between adja- 
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cent ribs. The anterior ramus of spinal nerve T12 (the sub- 
costal nerve) is inferior to rib XII (Fig. 3.32). 

A typical intercostal nerve passes laterally around the 
thoracic wall in an intercostal space. The largest of the 
branches is the lateral cutaneous branch, which pierces 
the lateral thoracic wall and divides into an anterior branch 
and a posterior branch that innervate the overlying skin. 

The intercostal nerves end as anterior cutaneous 
branches, which emerge either parasternally, between 
adjacent costal cartilages, or laterally to the midline, on the 
anterior abdominal wall, to supply the skin. 

In addition to these major branches, small collateral 
branches can be found in the intercostal space running 
along the superior border of the lower rib. 

In the thorax, the intercostal nerves carry: 


= somatic motor innervation to the muscles of the tho- 


racic wall (intercostal, subcostal, and transversus tho- 
racis muscles); 
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Fig. 3.32 Intercostal nerves. 





=™ somatic sensory innervation from the skin and parietal 
pleura; and 
= postganglionic sympathetic fibers to the periphery. 


Sensory innervation from the skin overlying the upper 
thoracic wall is supplied by cutaneous branches (supracla- 
vicular nerves), which descend from the cervical plexus in 
the neck. 

In addition to innervating the thoracic wall, intercostal 
nerves innervate other regions: 


= the anterior ramus of T1 contributes to the brachial 
plexus; 

= the lateral cutaneous branch of the second intercostal 
nerve (the intercostobrachial nerve) contributes to 
cutaneous innervation of the medial surface of the 
upper arm; 

= the lower intercostal nerves supply muscles, skin, and 
peritoneum of the abdominal wall. 


Spinal cord 
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In the clinic 


Surgical access to the chest 
A surgical access is potentially more challenging in the 
chest given the rigid nature of the thoracic cage. 
Moreover, access is also dependent upon the organ 
which is operated upon and it’s relationships to 
subdiaphragmatic structures and structures in the neck. 
Minimally invasive thoracic surgery (video-assisted 
thoracic surgery [VATS]) involves making small (1 cm) 
incisions in the intercostal spaces, placing a small camera 
on a telescope, and manipulating other instruments 


In the clinic 


Chest drain (tube) insertion 

Insertion of a chest drain (tube) is a commonly performed 
procedure and is indicated in the presence of 
pneumothorax, malignant pleural effusion, empyema, 
hemopneumothorax and postoperatively after thoracic 
surgery. 

The position of the chest drain (tube) is determined by 
the “safe triangle.” This triangle is formed by the anterior 
border of the latissimus dorsi, the lateral border of the 
pectoralis major muscle, (the area superior to a line 


DIAPHRAGM 


The diaphragm is a thin musculotendinous structure that 
fills the inferior thoracic aperture and separates the tho- 
racic cavity from the abdominal cavity (Fig. 3.33 and see 
Chapter 4). It is attached peripherally to the: 


xiphoid process of the sternum; 

costal margin of the thoracic wall; 

ends of ribs XI and XII; 

ligaments that span across structures of the posterior 
abdominal wall; and 

vertebrae of the lumbar region. 


through additional small incisions. A number of 
procedures can be performed in this manner, including 
lobectomy, lung biopsy, and esophagectomy. A standard 
incision site would include a median sternotomy to obtain 
access to the heart, including the coronary arteries and 
the cardiac valves. 

A left lateral thoracotomy or a right lateral thoracotomy 
is an incision through an intercostal space to access the 
lungs and the medial sternum structures. 


horizontal to the level of the nipple) and the apex below 
the axilla. The position of the ribs in this region should be 
clearly marked. Anesthetic should be applied to the 
superior border of the rib and the inferior aspect of the 
intercostal soace. The neurovascular bundle runs in the 
neurovascular plane, which lies in the superior aspect of 
the intercostal space, hence the reason for positioning of 
the tube on the superior border of a rib (i.e., at the lowest 
position in the intercostal space). 


From these peripheral attachments, muscle fibers con- 
verge to join the central tendon. The pericardium is 
attached to the middle part of the central tendon. 

In the median sagittal plane, the diaphragm slopes 
inferiorly from its anterior attachment to the xiphoid, 
approximately at vertebral level TVII/IX, to its posterior 
attachment to the median arcuate ligament, crossing 
anteriorly to the aorta at approximately vertebral level 
TXII. 

Structures traveling between the thorax and abdomen 
pass through the diaphragm or between the diaphragm 
and its peripheral attachments: 
















Left phrenic nerve 
Left pericardiacophrenic artery 


Right phreni 
ight phrenic nerve Left vagus nerve 


Right pericardiacophrenic artery 
Internal thoracic arteries 
Right vagus nerve 


Esophageal hiatus 
Esophagus 


Inferior vena cava 


Central tendon of 
diaphragm 


Aortic hiatus 
Phrenic nerves 


Superior epigastric artery 


Musculophrenic artery 


Right crus 


Abdominal aorta 


Fig. 3.33 Diaphragm. 


= theinferior vena cava passes through the central tendon Other structures outside the posterior attachments of 
at approximately vertebral level TVIII; the diaphragm lateral to the aortic hiatus include the 
= the esophagus passes through the muscular part of the sympathetic trunks and the least splanchnic nerves. The 
diaphragm, just to the left of midline, approximately at greater and lesser splanchnic nerves penetrate the 


vertebral level TX; crura. 
= the vagus nerves pass through the diaphragm with the 
esophagus; . 
= the aorta passes behind the posterior attachment of the Arterial supply 
diaphragm at vertebral level TXII; The arterial supply to the diaphragm is from vessels that 
= the thoracic duct passes behind the diaphragm with the arise superiorly and inferiorly to it (see Fig. 3.33). From 
aorta; above, pericardiacophrenic and musculophrenic arteries 


= the azygos and hemiazygos veins may also pass supply the diaphragm. These vessels are branches of the 
through the aortic hiatus or through the crura of the internal thoracic arteries. Superior phrenic arteries, 
diaphragm. which arise directly from lower parts of the thoracic aorta, 157 
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and small branches from intercostal arteries contribute to 
the supply. The largest arteries supplying the diaphragm 
arise from below it. These arteries are the inferior phrenic 
arteries, which branch directly from the abdominal aorta. 


Venous drainage 


Venous drainage of the diaphragm is by veins that gener- 
ally parallel the arteries. The veins drain into: 


the brachiocephalic veins in the neck; 

the azygos system of veins; or 

abdominal veins (left suprarenal vein and inferior vena 
cava). 


Innervation 


The diaphragm is innervated by the phrenic nerves (C3 
to C5), which penetrate the diaphragm and innervate it 
from its abdominal surface. 

Contraction of the domes of the diaphragm flattens the 
diaphragm, so increasing thoracic volume. Movements of 
the diaphragm are essential for normal breathing. 


MOVEMENTS OF THE 
THORACIC WALL 
AND DIAPHRAGM 
DURING BREATHING 


One of the principal functions of the thoracic wall and the 
diaphragm is to alter the volume of the thorax and thereby 
move air in and out of the lungs. 

During breathing, the dimensions of the thorax change 
in the vertical, lateral, and anteroposterior directions. Ele- 
vation and depression of the diaphragm significantly alter 
the vertical dimensions of the thorax. Depression results 
when the muscle fibers of the diaphragm contract. Eleva- 
tion occurs when the diaphragm relaxes. 

Changes in the anteroposterior and lateral dimensions 
result from elevation and depression of the ribs (Fig. 3.34). 
The posterior ends of the ribs articulate with the vertebral 
column, whereas the anterior ends of most ribs articulate 
with the sternum or adjacent ribs. 

Because the anterior ends of the ribs are inferior to the 
posterior ends, when the ribs are elevated, they move the 
sternum upward and forward. Also, the angle between 
the body of the sternum and the manubrium may become 
slightly less acute. When the ribs are depressed, the sternum 
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Fig. 3.34 Movement of thoracic wall during breathing. A. Pump 
handle movement of ribs and sternum. B. Bucket handle 
movement of ribs. 


movement changes the dimensions of the thorax in the 
anteroposterior direction (Fig. 3.34A). 

As well as the anterior ends of the ribs being lower 
than the posterior ends, the middles of the shafts tend to be 
lower than the two ends. When the shafts are elevated, the 


middles of the shafts move laterally. This “bucket handle” 
movement increases the lateral dimensions of the thorax 
(Fig. 3.34B). 

Any muscles attaching to the ribs can potentially move 
one rib relative to another and therefore act as accessory 
respiratory muscles. Muscles in the neck and the abdomen 
can fix or alter the positions of upper and lower ribs. 


PLEURAL CAVITIES 


Two pleural cavities, one on either side of the mediasti- 
num, surround the lungs (Fig. 3.35): 


= superiorly, they extend above rib I into the root of the 
neck; 
= inferiorly, they extend to a level just above the costal 


margin; 
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Fig. 3.35 Pleural cavities. 


= the medial wall of each pleural cavity is the mediasti- 
num (see p. 176). 


Pleura 


Each pleural cavity is lined by a single layer of flat cells, 
mesothelium, and an associated layer of supporting con- 
nective tissue; together, they form the pleura. 

The pleura is divided into two major types, based on 
location: 


= pleura associated with the walls of a pleural cavity is 
parietal pleura; 

= pleura that reflects from the medial wall and onto the 
surface of the lung is visceral pleura (Fig. 3.35), which 
adheres to and covers the lung. 


Each pleural cavity is the potential space enclosed 
between the visceral and parietal pleurae. They normally 
contain only a very thin layer of serous fluid. As a result, 
the surface of the lung, which is covered by visceral 
pleura, directly opposes and freely slides over the parietal 
pleura attached to the wall. 


Parietal pleura 


The names given to the parietal pleura correspond to the 
parts of the wall with which they are associated (Fig. 
3.30): 


= pleura related to the ribs and intercostal spaces is termed 
the costal part; 

= pleura covering the diaphragm is the diaphragmatic 
part; 

= pleura covering the mediastinum is the mediastinal 
part; 

= the dome-shaped layer of parietal pleura lining the cer- 
vical extension of the pleural cavity is cervical pleura 
(dome of pleura or pleural cupola). 


Covering the superior surface of the cervical pleura is a 
distinct dome-like layer of fascia, the suprapleural mem- 
brane (Fig. 3.36). This connective tissue membrane is 
attached laterally to the medial margin of the first rib and 
behind to the transverse process of vertebra CVII. Superi- 
orly, the membrane receives muscle fibers from some of 
the deep muscles in the neck (scalene muscles) that func- 
tion to keep the membrane taught. The suprapleural mem- 
brane provides apical support for the pleural cavity in the 
root of the neck. 

In the region of vertebrae TV to TVII, the mediastinal 
pleura reflects off the mediastinum as a tubular, sleeve-like 
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Fig. 3.36 Parietal pleura. 


covering for structures (i.e., airway, vessels, nerves, lym- 
phatics) that pass between the lung and mediastinum. This 
sleeve-like covering, and the structures it contains, forms 
the root of the lung. The root joins the medial surface 
of the lung at an area referred to as the hilum of lung. 
Here, the mediastinal pleura is continuous with the vis- 
ceral pleura. 

The parietal pleural is innervated by somatic afferent 
fibers. The costal pleura is innervated by branches from the 
intercostal nerves and pain would be felt in relation to the 


thoracic wall. The diaphragmatic pleura and the mediasti- 
nal pleura are innervated mainly by the phrenic nerves 
(originating at spinal cord levels C3, C4 and C5). Pain 
from these areas would refer to the C3, C4 and C5 der- 
matomes (lateral neck and the supraclavicular region of 
the shoulder). 


Peripheral reflections 


The peripheral reflections of parietal pleura mark the extent 
of the pleural cavities (Fig. 3.37). 


Superiorly, the pleural cavity can project as much 
as 3—4 cm above the first costal cartilage, but does not 
extend above the neck of rib I. This limitation is caused by 
the inferior slope of rib I to its articulation with the 
manubrium. 

Anteriorly, the pleural cavities approach each other 
posterior to the upper part of the sternum. However, pos- 
terior to the lower part of the sternum, the parietal pleura 
does not come as close to the midline on the left side as it 
does on the right because the middle mediastinum, con- 
taining the pericardium and heart, bulges to the left. 

Inferiorly, the costal pleura reflects onto the diaphragm 
above the costal margin. In the midclavicular line, the 
pleural cavity extends inferiorly to approximately rib VIII. 
In the midaxillary line, it extends to rib X. From this point, 
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Fig. 3.37 Pleural reflections. 


the inferior margin courses somewhat horizontally, 
crossing ribs XI and XII to reach vertebra TXII. From the 
midclavicular line to the vertebral column, the inferior 
boundary of the pleura can be approximated by a line that 
runs between the rib VIII, rib X, and vertebra TXII. 


Visceral pleura 


Visceral pleura is continuous with parietal pleura at the 
hilum of each lung where structures enter and leave the 
organ. The visceral pleura is firmly attached to the surface 
of the lung, including both opposed surfaces of the fissures 
that divide the lungs into lobes. 

Although the visceral pleura is innervated by visceral 
afferent nerves that accompany bronchial vessels, pain is 
generally not elicited from this tissue. 


Rib VIII (anterior) 
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Pleural recesses 


The lungs do not completely fill the anterior or posterior 
inferior regions of the pleural cavities (Fig. 3.38). This 
results in recesses in which two layers of parietal pleura 
become opposed. Expansion of the lungs into these spaces 
usually occurs only during forced inspiration; the recesses 
also provide potential spaces in which fluids can collect 
and from which fluids can be aspirated. 


Costomediastinal recesses 


Anteriorly, a costomediastinal recess occurs on each 
side where costal pleura is opposed to mediastinal pleura. 
The largest is on the left side in the region overlying the 
heart. 


Costodiaphragmatic recesses 


The largest and clinically most important recesses are the 
costodiaphragmatic recesses, which occur in each 
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Fig. 3.38 Parietal pleural reflections and recesses. 





pleural cavity between the costal pleura and diaphrag- 
matic pleura (Fig. 3.38). The costodiaphragmatic recesses 
are the regions between the inferior margin of the lungs 
and inferior margin of the pleural cavities. They are 
deepest after forced expiration and shallowest after forced 
inspiration. 

During quiet respiration, the inferior margin of the lung 
crosses rib VI in the midclavicular line, rib VIII in the 
midaxillary line, and then courses somewhat horizontally 
to reach the vertebral column at vertebral level TX. From 
the midclavicular line and around the thoracic wall to the 
vertebral column, the inferior margin of the lung can be 
approximated by a line running between rib VI, rib VIII, 
and vertebra TX. The inferior margin of the pleural cavity 
at the same points is rib VII, rib X, and vertebra TXII. The 
costodiaphragmatic recess is the region between the two 
margins. 

During expiration, the inferior margin of the lung rises 
and the costodiaphragmatic recess becomes larger. 


Costomediastinal recess 


Rib VI (anterior) 


Lungs 


The two lungs are organs of respiration and lie on either 
side of the mediastinum surrounded by the right and left 
pleural cavities. Air enters and leaves the lungs via main 
bronchi, which are branches of the trachea. 

The pulmonary arteries deliver deoxygenated blood to 
the lungs from the right ventricle of the heart. Oxygen- 
ated blood returns to the left atrium via the pulmonary 
veins. 

The right lung is normally a little larger than the left 
lung because the middle mediastinum, containing the 
heart, bulges more to the left than to the right. 

Each lung has a half-cone shape, with a base, apex, two 
surfaces, and three borders (Fig. 3.39). 


= The base sits on the diaphragm. 

= The apex projects above rib I and into the root of the 
neck. 

= The two surfaces—the costal surface lies immediately 
adjacent to the ribs and intercostal spaces of the tho- 
racic wall. The mediastinal surface lies against the 
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Fig. 3.39 Lungs. 
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mediastinum anteriorly and the vertebral column pos- 
teriorly and contains the comma-shaped hilum of the 
lung through which structures enter and leave. 

= The three borders—the inferior border of the lung is 
sharp and separates the base from the costal surface. 
The anterior and posterior borders separate the 
costal surface from the medial surface. Unlike the ante- 
rior and inferior borders, which are sharp, the posterior 
border is smooth and rounded. 


The lungs lie directly adjacent to, and are indented by, 
structures contained in the overlying area. The heart and 
major vessels form bulges in the mediastinum that indent 
the medial surfaces of the lung; the ribs indent the costal 
surfaces. Pathology, such as tumors, or abnormalities in 
one structure can affect the related structure. 


Root and hilum 


The root of each lung is a short tubular collection of struc- 
tures that together attach the lung to structures in the 
mediastinum (Fig. 3.40). It is covered by a sleeve of medi- 
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astinal pleura that reflects onto the surface of the lung as 
visceral pleura. The region outlined by this pleural reflec- 
tion on the medial surface of the lung is the hilum, where 
structures enter and leave. 

A thin blade-like fold of pleura projects inferiorly from 
the root of the lung and extends from the hilum to the 
mediastinum. This structure is the pulmonary ligament. 
It may stabilize the position of the inferior lobe and may 
also accommodate the down-and-up translocation of 
structures in the root during breathing. 

In the mediastinum, the vagus nerves pass immediately 
posterior to the roots of the lungs, while the phrenic nerves 
pass immediately anterior to them. 

Within each root and located in the hilum are: 


a pulmonary artery; 
two pulmonary veins; 
a main bronchus; 
bronchial vessels; 
nerves; and 
lymphatics. 
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Pulmonary 
artery 


Pulmonary 
veins 


Root 
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Generally, the pulmonary artery is superior at the 
hilum, the pulmonary veins are inferior, and the bronchi 
are somewhat posterior in position. 

On the right side, the lobar bronchus to the superior 
lobe branches from the main bronchus in the root, unlike 
on the left where it branches within the lung itself, and is 
superior to the pulmonary artery. 


Right lung 

The right lung has three lobes and two fissures (Fig. 
3.41A). Normally, the lobes are freely movable against 
each other because they are separated, almost to the hilum, 
by invaginations of visceral pleura. These invaginations 
form the fissures: 


= the oblique fissure separates the inferior lobe (lower 
lobe) from the superior lobe and the middle lobe of 
the right lung; 

= the horizontal fissure separates the superior lobe 
(upper lobe) from the middle lobe. 
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Fig. 3.40 Roots and hila of the lungs. 
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Fig. 3.41 A. Right lung. B. Major structures related to the right lung. 
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The approximate position of the oblique fissure on a 
patient, in quiet respiration, can be marked by a curved 
line on the thoracic wall that begins roughly at the spinous 
process of vertebra TIV level of the spine, crosses the fifth 
interspace laterally, and then follows the contour of rib VI 
anteriorly (see p. 231). 

The horizontal fissure follows the fourth intercostal 
space from the sternum until it meets the oblique fissure as 
it crosses rib V. 

The orientations of the oblique and horizontal fissures 
determine where clinicians should listen for lung sounds 
from each lobe. 

The largest surface of the superior lobe is in contact with 
the upper part of the anterolateral wall and the apex of this 
lobe projects into the root of the neck. The surface of the 
middle lobe lies mainly adjacent to the lower anterior and 
lateral wall. The costal surface of the inferior lobe is in 
contact with the posterior and inferior walls. 

When listening to lung sounds from each of the lobes, 
it is important to position the stethoscope on those areas of 
the thoracic wall related to the underlying positions of the 
lobes (see p. 232). 

The medial surface of the right lung lies adjacent to a 
number of important structures in the mediastinum and 
the root of the neck (Fig. 3.41B). These include the: 


heart, 

inferior vena cava, 
superior vena cava, 
azygos vein, and 
esophagus. 


The right subclavian artery and vein arch over and are 
related to the superior lobe of the right lung as they pass 
over the dome of cervical pleura and into the axilla. 


Left lung 


The left lung is smaller than the right lung and has two 
lobes separated by an oblique fissure (Fig. 3.42A). The 


oblique fissure of the left lung is slightly more oblique 
than the corresponding fissure of the right lung. 

During quiet respiration, the approximate position of 
the left oblique fissure can be marked by a curved line 
on the thoracic wall that begins between the spinous pro- 
cesses of vertebrae TIII and TIV, crosses the fifth interspace 
laterally, and follows the contour of rib VI anteriorly (see 
P291). 

As with the right lung, the orientation of the oblique 
fissure determines where to listen for lung sounds from 
each lobe. 

The largest surface of the superior lobe is in contact with 
the upper part of the anterolateral wall, and the apex of this 
lobe projects into the root of the neck. The costal surface of 
the inferior lobe is in contact with the posterior and inferior 
walls. 

When listening to lung sounds from each of the lobes, 
the stethoscope should be placed on those areas of the tho- 
racic wall related to the underlying positions of the lobes 
(see p. 232). 

The inferior portion of the medial surface of the left 
lung, unlike the right lung, is notched because of the 
heart’s projection into the left pleural cavity from the 
middle mediastinum. 

From the anterior border of the lower part of the supe- 
rior lobe a tongue-like extension (the lingula of left lung) 
projects over the heart bulge. 

The medial surface of the left lung lies adjacent to a 
number of important structures in the mediastinum and 
root of the neck (Fig. 3.42B). These include the: 


heart, 

aortic arch, 
thoracic aorta, and 
esophagus. 


The left subclavian artery and vein arch over and are 
related to the superior lobe of the left lung as they pass over 
the dome of cervical pleura and into the axilla. 
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Fig. 3.42 A. Left lung. B. Major structures related to the left lung. 167 





Bronchial tree 


The trachea is a flexible tube that extends from vertebral 
level CVI in the lower neck to vertebral level TIV/V in the 
mediastinum where it bifurcates into a right and a left 
main bronchus (Fig. 3.43). The trachea is held open by C- 
shaped transverse cartilage rings embedded in its wall— 
the open part of the C facing posteriorly. The lowest tracheal 
ring has a hook-shaped structure, the carina, that projects 
backwards in the midline between the origins of the two 
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Fig. 3.43 A. Bronchial tree. B. Bronchopulmonary segments. 


main bronchi. The posterior wall of the trachea is com- 
posed mainly of smooth muscle. 

Each main bronchus enters the root of a lung and 
passes through the hilum into the lung itself. The 
right main bronchus is wider and takes a more vertical 
course through the root and hilum than the left main 
bronchus (Fig. 3.43A). Therefore, inhaled foreign bodies 
tend to lodge more frequently on the right side than on the 
left. 
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The main bronchus divides within the lung into lobar 
bronchi (secondary bronchi), each of which supplies a 
lobe. On the right side, the lobar bronchus to the superior 
lobe originates within the root of the lung. 

The lobar bronchi further divide into segmental 
bronchi (tertiary bronchi), which supply bronchopulmo- 
nary segments (Fig. 3.43B). 

Within each bronchopulmonary segment, the segmen- 
tal bronchi give rise to multiple generations of divisions 
and, ultimately, to bronchioles, which further subdivide 
and supply the respiratory surfaces. The walls of the 
bronchi are held open by discontinuous elongated plates of 
cartilage, but these are not present in bronchioles. 
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Bronchopulmonary segments 


A bronchopulmonary segment is the area of lung sup- 
plied by a segmental bronchus and its accompanying pul- 
monary artery branch. 

Tributaries of the pulmonary vein tend to pass interseg- 
mentally between and around the margins of segments. 

Each bronchopulmonary segment is shaped like an 
irregular cone with the apex at the origin of the segmental 
bronchus and the base projected peripherally onto the 
surface of the lung. 

A bronchopulmonary segment is the smallest, function- 
ally independent region of a lung and the smallest area of 
lung that can be isolated and removed without affecting 
adjacent regions. 

There are ten bronchopulmonary segments in each 
lung (Fig. 3.44); some of them fuse in the left lung. 
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Fig. 3.44 Bronchopulmonary segments. A. Right lung. B. Left lung. (Bronchopulmonary segments are numbered and named.) 
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Pulmonary arteries 


The right and left pulmonary arteries originate from the 
pulmonary trunk and carry deoxygenated blood to the 
lungs from the right ventricle of the heart (Fig. 3.45). 

The bifurcation of the pulmonary trunk occurs to the 
left of the midline just inferior to vertebral level TIV/V, 
and anteroinferiorly to the left of the bifurcation of the 
trachea. 


Right pulmonary artery 


The right pulmonary artery is longer than the left and 
passes horizontally across the mediastinum (Fig. 3.45). It 
passes: 


anteriorly and slightly inferiorly to the tracheal bifur- 
cation and anteriorly to the right main bronchus; 
and 

posteriorly to the ascending aorta, superior vena cava, 
and upper right pulmonary vein. 


The right pulmonary artery enters the root of the lung 
and gives off a large branch to the superior lobe of the 
lung. The main vessel continues through the hilum of the 
lung, gives off a second (recurrent) branch to the superior 
lobe, and then divides to supply the middle and inferior 
lobes. 


Left pulmonary artery 


The left pulmonary artery is shorter than the right and 
lies anterior to the descending aorta and posterior to the 
superior pulmonary vein (Fig. 3.45). It passes through the 
root and hilum and branches within the lung. 


Pulmonary veins 


On each side a superior pulmonary vein and an infe- 
rior pulmonary vein carry oxygenated blood from the 
lungs back to the heart (Fig. 3.45). The veins begin at the 
hilum of the lung, pass through the root of the lung, and 
immediately drain into the left atrium. 


Bronchial arteries and veins 


The bronchial arteries (Fig. 3.45) and veins constitute the 
“nutritive” vascular system of the pulmonary tissues 
(bronchial walls and glands, walls of large vessels, and 
visceral pleura). They interconnect within the lung with 
branches of the pulmonary arteries and veins. 

The bronchial arteries originate from the thoracic aorta 
or one of its branches: 


a single right bronchial artery normally arises from 
the third posterior intercostal artery (but occasion- 
ally, it originates from the upper left bronchial 
artery); 

two left bronchial arteries arise directly from the 
anterior surface of the thoracic aorta—the superior 
left bronchial artery arises at vertebral level TV, and 
the inferior one inferior to the left bronchus. 


The bronchial arteries run on the posterior surfaces of 
the bronchi and ramify in the lungs to supply pulmonary 
tissues. 

The bronchial veins drain into: 


either the pulmonary veins or the left atrium; and 

into the azygos vein on the right or into the 
superior intercostal vein or hemiazygos vein on the 
left. 
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Fig. 3.45 Pulmonary vessels. A. Diagram of an anterior view. B. Axial computed tomography image showing the left pulmonary artery 
branching from the pulmonary trunk. C. Axial computed tomography image (just inferior to the image in B) showing the right pulmonary 
artery branching from the pulmonary trunk. 
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Innervation 


Structures of the lung, and the visceral pleura, are supplied 
by visceral afferents and efferents distributed through the 
anterior pulmonary plexus and posterior pulmonary plexus 
(Fig. 3.46). These interconnected plexuses lie anteriorly 
and posteriorly to the tracheal bifurcation and main 
bronchi. The anterior plexus is much smaller than the pos- 
terior plexus. 

Branches of these plexuses, which ultimately originate 
from the sympathetic trunks and vagus nerves, are distrib- 
uted along branches of the airway and vessels. 

Visceral efferents from: 


= the vagus nerves constrict the bronchioles; 
= the sympathetic system dilates the bronchioles. 





Lymphatic drainage 

Superficial, or subpleural, and deep lymphatics of the lung 
drain into lymph nodes called tracheobronchial nodes 
around the roots of lobar and main bronchi and along the 
sides of the trachea (Fig. 3.47). As a group, these lymph 
nodes extend from within the lung, through the hilum and 
root, and into the posterior mediastinum. 

Efferent vessels from these nodes pass superiorly along 
the trachea to unite with similar vessels from parasternal 
nodes and brachiocephalic nodes, which are anterior to 
brachiocephalic veins in the superior mediastinum, to form 
the right and left bronchomediastinal trunks. These 
trunks drain directly into deep veins at the base of the neck, 
or may drain into the right lymphatic trunk or thoracic 
duct. 
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Fig. 3.46 Pulmonary innervation. 
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Fig. 3.47 Lymphatic drainage of lungs. 
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In the clinic 


Imaging the lungs 

Medical imaging of the lungs is important because they 
are one of the commonest sites for disease in the body. 
While the body is at rest, the lungs exchange up to 5L 
of air per minute, and this may contain pathogens and 
other potentially harmful elements (e.g., allergens). 
Techniques to visualize the lung range from plain chest 
radiographs to high-resolution computed tomography 
(CT), which enables precise localization of a lesion 
within the lung. 


In the clinic 


Bronchoscopy 

Patients who have an endobronchial lesion (i.e., a lesion 
within a bronchus) may undergo bronchoscopic 
evaluation of the trachea and its main branches 

(Fig. 3.48). The bronchoscope is passed through the nose 


Carina Right main bronchus 





Left main bronchus 






In the clinic 


High-resolution lung CT 

High-resolution computed tomography (HRCT) is a 
diagnostic method for assessing the lungs but more 
specifically the interstitium of the lungs. The technique 
involves obtaining narrow cross-sectional slices of 1 to 
2 mm. These scans enable the physician and radiologist 
to view the patterns of disease and their distribution. 
Diseases that may be easily demonstrated using this 
procedure include emphysema, pneumoconiosis (coal 
worker's pneumoconiosis), and asbestosis. 


into the oropharynx and is then directed by a control 
system past the vocal cords into the trachea. The bronchi 
are inspected and, if necessary, small biopsies are 
obtained. 


B Right main bronchus 





Tumor 


Fig. 3.48 Bronchoscopic evaluation. A. Of the lower end of the trachea and its main branches. B. Of tracheal bifurcation showing a 


tumor at the carina. 


In the clinic 


Lung cancer 
It is important to stage lung cancer because the treatment 
depends on its stage. 

If a small malignant nodule is found within the lung, it 
can sometimes be excised and the prognosis is excellent. 
Unfortunately, many patients present with a tumor mass 
that has invaded structures in the mediastinum or the 
pleurae or has metastasized. The tumor may then be 
inoperable and is treated with radiotherapy and 
chemotherapy. 

Spread of the tumor is by lymphatics to lymph nodes 
within the hila, mediastinum, and root of the neck. 


A Tumor 








A key factor affecting the prognosis and ability to cure 
the disease is the distant spread of metastases. Imaging 
methods to assess spread include plain radiography (Fig. 
3.49A), computed tomography (CT; Fig. 3.49B) and 
magnetic resonance imaging (MRI). Increasingly, 
radionuclide studies using fluorodeoxyglucose positron 
emission tomography (FDG PET; Fig. 3.49C) are being 
used. 

In FDG PET a gamma radiation emitter is attached to a 
glucose molecule. In areas of excessive metabolic activity 
(i.e., the tumor), excessive uptake occurs and is recorded 
by a gamma camera. 


C Tumor 


Fig. 3.49 Imaging of the lungs. A. Standard posterior—anterior view of the chest showing tumor in upper right lung. B. Axial CT 
image of lungs showing tumor in right lung. C. Radionuclide study using FDG PET showing a tumor in the right lung. 
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MEDIASTINUM 


The mediastinum is a broad central partition that sepa- 
rates the two laterally placed pleural cavities (Fig. 3.50). It 
extends: 


= from the sternum to the bodies of the vertebrae; and 
= from the superior thoracic aperture to the diaphragm 
(Fig. 3.51). 


The mediastinum contains the thymus gland, the peri- 
cardial sac, the heart, the trachea, and the major arteries 
and veins. 

Additionally, the mediastinum serves as a passageway 
for structures such as the esophagus, thoracic duct, and 
various components of the nervous system as they traverse 
the thorax on their way to the abdomen. 

For organizational purposes, the mediastinum is subdi- 
vided into several smaller regions. A transverse plane 
extending from the sternal angle (the junction between 
the manubrium and the body of the sternum) to the inter- 
vertebral disc between vertebrae TIV and TV separates the 
mediastinum into the: 


Mediastinum Left pleural cavity 





Right pleural cavity 


Fig. 3.50 Cross-section of the thorax showing the position of the 
mediastinum. 


= superior mediastinum; and 

= inferior mediastinum, which is further partitioned 
into the anterior, middle, and posterior mediasti- 
num by the pericardial sac. 


The area anterior to the pericardial sac and posterior to 
the body of the sternum is the anterior mediastinum. The 
region posterior to the pericardial sac and the diaphragm 
and anterior to the bodies of the vertebrae is the posterior 
mediastinum. The area in the middle, which includes the 
pericardial sac and its contents, is the middle mediastinum 
(Fig. 3.52). 
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Fig. 3.51 Lateral view of the mediastinum. 


Middle mediastinum 


The middle mediastinum is centrally located in the tho- 
racic cavity. It contains the pericardium, heart, origins of 
the great vessels, various nerves, and smaller vessels. 


Pericardium 


The pericardium is a fibroserous sac surrounding the 
heart and the roots of the great vessels. It consists of two 
components, the fibrous pericardium and the serous peri- 
cardium (Fig. 3.53). 

The fibrous pericardium is a tough connective tissue 
outer layer that defines the boundaries of the middle medi- 
astinum. The serous pericardium is thin and consists of 
two parts: 


= the parietal layer lines the inner surface of the 
fibrous; 

= the visceral layer (epicardium) of serous pericardium 
adheres to the heart and forms its outer covering. 
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Fig. 3.52 Subdivisions of the mediastinum. 


The parietal and visceral layers of serous pericardium 
are continuous at the roots of the great vessels. The narrow 
space created between the two layers of serous pericar- 
dium, containing a small amount of fluid, is the pericar- 
dial cavity. This potential space allows for the relatively 
uninhibited movement of the heart. 


Fibrous pericardium 


The fibrous pericardium is a cone-shaped bag with its 
base on the diaphragm and its apex continuous with the 
adventitia of the great vessels (Fig. 3.53). The base is 
attached to the central tendon of the diaphragm and 
to a small muscular area of the diaphragm on the left side. 
Anteriorly, it is attached to the posterior surface of the 
sternum by sternopericardial ligaments. These attach- 
ments help to retain the heart in its position in the thoracic 
cavity. The sac also limits cardiac distention. 

The phrenic nerves, which innervate the diaphragm 
and originate from spinal cord levels C3 to C5, pass through 
the fibrous pericardium and innervate the fibrous pericar- 
dium as they travel from their point of origin to their final 
destination (Fig. 3.54). Their location, within the fibrous 
pericardium, is directly related to the embryological origin 
of the diaphragm and the changes that occur during the 
formation of the pericardial cavity. Similarly, the pericar- 
diacophrenic vessels are also located within and supply 
the fibrous pericardium as they pass through the thoracic 
cavity. 
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Fig. 3.53 Sagittal section of the pericardium. 
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Fig. 3.54 Phrenic nerves and pericardiacophrenic vessels. 


Serous pericardium 


The parietal layer of serous pericardium is continuous with 
the visceral layers of serous pericardium around the roots 
of the great vessels. These reflections of serous pericardium 
(Fig. 3.55) occur in two locations: 


= one superiorly, surrounding the arteries, the aorta, and 
pulmonary trunk; 

= thesecond more posteriorly, surrounding the veins, the 
superior and inferior vena cava, and the pulmonary 
veins. 


The zone of reflection surrounding the veins is J-shaped, 
and the cul-de-sac formed within the J, posterior to the left 
atrium, is the oblique pericardial sinus. 

A passage between the two sites of reflected serous peri- 
cardium is the transverse pericardial sinus. This sinus 





Pericardium 


lies posteriorly to the ascending aorta and the pulmonary 
trunk, anteriorly to the superior vena cava, and superiorly 
to the left atrium. 

When the pericardium is opened anteriorly during 
surgery, a finger placed in the transverse sinus separates 
arteries from veins. A hand placed under the apex of the 
heart and moved superiorly slips into the oblique 
sinus. 


Vessels and nerves 


The pericardium is supplied by branches from the internal 
thoracic, pericardiacophrenic, musculophrenic, and infe- 
rior phrenic arteries, and the thoracic aorta. 

Veins from the pericardium enter the azygos system of 
veins and the internal thoracic and superior phrenic 
veins. 
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Fig. 3.55 Posterior portion of pericardial sac showing reflections of serous pericardium. 


somatic afferent fibers in the phrenic nerves. For this 
reason, “pain” related to a pericardial problem may be 


Nerves supplying the pericardium arise from the vagus 
nerve [X], the sympathetic trunks, and the phrenic 


nerves. referred to the supraclavicular region of the shoulder or 
It is important to note that the source of somatic sensa- lateral neck area, dermatomes for spinal cord segments C3, 
tion (pain) from the parietal pericardium is carried by C4, and C5. 


In the clinic 


Pericarditis 

Pericarditis is an inflammatory condition of the 
pericardium. Common causes are viral and bacterial 
infections, systemic illnesses (e.g., chronic renal failure), 
and post-myocardial infarction. 

Pericarditis must be distinguished from myocardial 
infarction because the treatment and prognosis are 
quite different. As in patients with myocardial infarction, 
patients with pericarditis complain of continuous 
central chest pain that may radiate to one or both arms. 
Unlike myocardial infarction, however, the pain from 
pericarditis may be relieved by sitting forward. An 
electrocardiogram (ECG) is used to help differentiate 
between the two conditions. 


In the clinic 


Pericardial effusion 

Normally, only a tiny amount of fluid is present 
between the visceral and parietal layers of the 
serous pericardium. In certain situations, 

this space can be filled with excess fluid (pericardial 
effusion). 

Because the fibrous pericardium is a “relatively fixed” 
structure that cannot expand easily, a rapid 
accumulation of excess fluid within the pericardial sac 
compresses the heart (cardiac tamponade), resulting in 
biventricular failure. Removing the fluid with a needle 
inserted into the pericardial sac can relieve the 
symptoms. 179 
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In the clinic 


Constrictive pericarditis 

Abnormal thickening of the pericardial sac (constrictive 
pericarditis) can compress the heart, impairing heart 
function and resulting in heart failure. The diagnosis is 
made by inspecting the jugular venous pulse in the 
neck. In normal individuals, the jugular venous pulse 
drops on inspiration. In patients with constrictive 
pericarditis, the reverse happens and this is called 
Kussmaul’s sign. Treatment often involves surgical 
opening of the pericardial sac. 


Heart 
Cardiac orientation 


The general shape and orientation of the heart are that of 
a pyramid that has fallen over and is resting on one of its 
sides. Placed in the thoracic cavity, the apex of this pyramid 
projects forward, downward, and to the left, whereas the 
base is opposite the apex and faces in a posterior direction 
(Fig. 3.56). The sides of the pyramid consist of: 


a diaphragmatic (inferior) surface on which the pyramid 
rests; 

an anterior (sternocostal) surface oriented anteriorly; 
a right pulmonary surface; and 

a left pulmonary surface. 


Base (posterior surface) and apex 


The base of the heart is quadrilateral and directed poste- 
riorly. It consists of: 


the left atrium; 

a small portion of the right atrium; and 

the proximal parts of the great veins (superior and 
inferior venae cavae and the pulmonary veins) (Fig. 
3:57). 


Because the great veins enter the base of the heart, with 
the pulmonary veins entering the right and left sides of the 
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Fig. 3.56 Schematic illustration of the heart showing orientation, 
surfaces, and margins. 


left atrium and the superior and inferior venae cavae at 
the upper and lower ends of the right atrium, the base of 
the heart is fixed posteriorly to the pericardial wall, oppo- 
site the bodies of vertebrae TV to TVIII (TVI to TIX when 
standing). The esophagus lies immediately posterior to the 
base. 

From the base the heart projects forward, downward, 
and to the left, ending in the apex. The apex of the heart 
is formed by the inferolateral part of the left ventricle (Fig. 
3.58) and is positioned deep to the left fifth intercostal 
space, 8—9 cm from the midsternal line. 


Surfaces of the heart 


The anterior surface faces anteriorly and consists mostly 
of the right ventricle with some of the right atrium on the 
right and some of the left ventricle on the left (Fig. 3.58). 
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Fig. 3.57 Base of the heart. 
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Fig. 3.58 Anterior surface of the heart. 





182 


Thorax 


The heart in the anatomical position rests on the dia- 
phragmatic surface, which consists of the left ventricle 
and a small portion of the right ventricle separated by the 
posterior interventricular groove (Fig. 3.59). This surface 
faces inferiorly, rests on the diaphragm, is separated from 
the base of the heart by the coronary sinus, and extends 
from the base to the apex of the heart. 

The left pulmonary surface faces the left lung, is 
broad and convex, and consists of the left ventricle and a 
portion of the left atrium (Fig. 3.59). 

The right pulmonary surface faces the right lung, is 
broad and convex, and consists of the right atrium (Fig. 
3.59). 


Margins and borders 


Some general descriptions of cardiac orientation refer to 
right, left, inferior (acute), and obtuse margins: 


Left pulmonary artery 


Left pulmonary veins A | ME 
(d 5 BA 


t 
~% 
Left atrium 


E- 
ful 


Coronary sinus 


Left ventricle 


Posterior interventricular 
branch of right coronary 
artery 


va 


Fig. 3.59 Diaphragmatic surface of the heart. 


Apex 


the right and left margins are the same as the right 
and left pulmonary surfaces of the heart; 

the inferior margin is defined as the sharp edge 
between the anterior and diaphragmatic surfaces of the 
heart (Figs 3.56 and 3.58)—it is formed mostly by the 
right ventricle and a small portion of the left ventricle 
near the apex; and 

the obtuse margin separates the anterior and left pul- 
monary surfaces (Fig. 3.56)—it is round and extends 
from the left auricle to the cardiac apex (Fig. 3.58), and 
is formed mostly by the left ventricle and superiorly by 
a small portion of the left auricle. 
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For radiological evaluations, a thorough understanding 
of the structures defining the cardiac borders is critical. The 
right border in a standard posterior—anterior view consists 
of the superior vena cava, the right atrium, and the inferior 
vena cava (Fig. 3.60A). The left border in a similar view 
consists of the arch of the aorta, the pulmonary trunk, and 
the left ventricle. The inferior border in this radiological 
study consists of the right ventricle and the left ventricle at 
the apex. In lateral views, the right ventricle is seen ante- 
riorly, and the left atrium is visualized posteriorly (Fig. 
3.60B). 


External sulci 


Internal partitions divide the heart into four chambers 
(i.e., two atria and two ventricles) and produce surface or 
external grooves referred to as sulci. 
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= The coronary sulcus circles the heart, separating the 
atria from the ventricles (Fig. 3.61). As it circles the 
heart, it contains the right coronary artery, the small 
cardiac vein, the coronary sinus, and the circumflex 
branch of the left coronary artery. 

= The anterior and posterior interventricular sulci 
separate the two ventricles—the anterior interventric- 
ular sulcus is on the anterior surface of the heart and 
contains the anterior interventricular artery and the 
great cardiac vein, and the posterior interventricular 
sulcus is on the diaphragmatic surface of the heart and 
contains the posterior interventricular artery and the 
middle cardiac vein. 


These sulci are continuous inferiorly, just to the right of 
the apex of the heart. 


Right ventricle Left atrium 


Fig. 3.60 Chest radiographs. A. Standard posterior—anterior view of the chest. B. Standard lateral view of the heart. 
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Fig. 3.61 Sulci of the heart. A. Anterior surface of the heart. B. Diaphragmatic surface and base of the heart. 
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Cardiac chambers 


The heart functionally consists of two pumps separated by 
a partition (Fig. 3.62A). The right pump receives deoxy- 
genated blood from the body and sends it to the lungs. The 
left pump receives oxygenated blood from the lungs and 
sends it to the body. Each pump consists of an atrium and 
a ventricle separated by a valve. 
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The thin-walled atria receive blood coming into the 
heart, whereas the relatively thick-walled ventricles pump 
blood out of the heart. 

More force is required to pump blood through the body 
than through the lungs, so the muscular wall of the left 
ventricle is thicker than the right. 


Interatrial, interventricular, and atrioventricular 
septa separate the four chambers of the heart (Fig. 3.62B). 
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Fig. 3.62 A. The heart has two pumps. B. Magnetic resonance image of midthorax showing all four chambers and septa. 
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The internal anatomy of each chamber is critical to its 
function. 


Right atrium 


In the anatomical position, the right border of the heart 
is formed by the right atrium. This chamber also 
contributes to the right portion of the heart’s anterior 
surface. 

Blood returning to the right atrium enters through one 
of three vessels. These are: 


= the superior and inferior venae cavae, which together 
deliver blood to the heart from the body; and 

= thecoronary sinus, which returns blood from the walls 
of the heart itself. 


The superior vena cava enters the upper posterior 
portion of the right atrium, and the inferior vena cava and 
coronary sinus enter the lower posterior portion of the 
right atrium. 

From the right atrium, blood passes into the right ven- 
tricle through the right atrioventricular orifice. This 
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Fig. 3.63 Internal view of right atrium. 


opening faces forward and medially and is closed during 
ventricular contraction by the tricuspid valve. 

The interior of the right atrium is divided into two con- 
tinuous spaces. Externally, this separation is indicated by a 
shallow, vertical groove (the sulcus terminalis cordis), 
which extends from the right side of the opening of the 
superior vena cava to the right side of the opening of the 
inferior vena cava. Internally, this division is indicated by 
the crista terminalis (Fig. 3.63), which is a smooth, mus- 
cular ridge that begins on the roof of the atrium just in front 
of the opening of the superior vena cava and extends down 
the lateral wall to the anterior lip of the inferior vena cava. 

The space posterior to the crista is the sinus of venae 
cavae and is derived embryologically from the right horn 
of the sinus venosus. This component of the right atrium 
has smooth, thin walls, and both venae cavae empty into 
this space. 

The space anterior to the crista, including the right 
auricle, is sometimes referred to as the atrium proper. 
This terminology is based on its origin from the embryonic 
primitive atrium. Its walls are covered by ridges called the 
musculi pectinati (pectinate muscles), which fan out 
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from the crista like the “teeth of a comb.” These ridges are 
also found in the right auricle, which is an ear-like, conical, 
muscular pouch that externally overlaps the ascending 
aorta. 

An additional structure in the right atrium is the 
opening of coronary sinus, which receives blood from 
most of the cardiac veins and opens medially to the 
opening of inferior vena cava. Associated with these 
openings are small folds of tissue derived from the valve of 
the embryonic sinus venosus (the valve of coronary 
sinus and the valve of inferior vena cava, respectively). 
During development, the valve of inferior vena cava helps 
direct incoming oxygenated blood through the foramen 
ovale and into the left atrium. 

Separating the right atrium from the left atrium is the 
interatrial septum, which faces forward and to the right 
because the left atrium lies posteriorly and to the left of the 
right atrium. A depression is clearly visible in the septum 
just above the orifice of the inferior vena cava. This is the 
fossa ovalis (oval fossa), with its prominent margin, the 
limbus fossa ovalis (border of oval fossa). 

The fossa ovalis marks the location of the embryonic 
foramen ovale, which is an important part of fetal circu- 
lation. The foramen ovale allows oxygenated blood enter- 
ing the right atrium through the inferior vena cava to pass 
directly to the left atrium and so bypass the lungs, which 
are nonfunctional before birth. 

Finally, numerous small openings—the openings of 
the smallest cardiac veins (the foramina of the venae 
cordis minimae)—are scattered along the walls of the 
right atrium. These are small veins that drain the myocar- 
dium directly into the right atrium. 


Right ventricle 


In the anatomical position, the right ventricle forms most 
of the anterior surface of the heart and a portion of the 
diaphragmatic surface. The right atrium is to the right of 
the right ventricle and the right ventricle is located in front 
of and to the left of the right atrioventricular orifice. Blood 
entering the right ventricle from the right atrium therefore 
moves in a horizontal and forward direction. 

The outflow tract of the right ventricle, which leads to 
the pulmonary trunk, is the conus arteriosus (infun- 
dibulum). This area has smooth walls and derives from 
the embryonic bulbus cordis. 

The walls of the inflow portion of the right ventricle 
have numerous muscular, irregular structures called tra- 
beculae carneae (Fig. 3.64). Most of these are either 
attached to the ventricular walls throughout their length, 
forming ridges, or attached at both ends, forming bridges. 

A few trabeculae carneae (papillary muscles) have 
only one end attached to the ventricular surface, while the 
other end serves as the point of attachment for tendon-like 


Regional anatomy ° Mediastinum 


fibrous cords (the chordae tendineae), which connect to 
the free edges of the cusps of the tricuspid valve. 

There are three papillary muscles in the right ventricle. 
Named relative to their point of origin on the ventricular 
surface, they are the anterior, posterior, and septal papil- 
lary muscles: 


the anterior papillary muscle is the largest and most 
constant papillary muscle, and arises from the anterior 
wall of the ventricle; 

the posterior papillary muscle may consist of one, 
two, or three structures, with some chordae tendineae 
arising directly from the ventricular wall; 

the septal papillary muscle is the most inconsistent 
papillary muscle, being either small or absent, with 
chordae tendineae emerging directly from the septal 
wall. 


A single specialized trabeculum, the septomarginal 
trabecula (moderator band), forms a bridge between 
the lower portion of the interventricular septum and 
the base of the anterior papillary muscle. The septomar- 
ginal trabecula carries a portion of the cardiac conduction 
system, the right bundle of the atrioventricular bundle, to 
the anterior wall of the right ventricle. 


Tricuspid valve 


The right atrioventricular orifice is closed during ven- 
tricular contraction by the tricuspid valve (right atrio- 
ventricular valve), so named because it usually consists 
of three cusps or leaflets (Fig. 3.64). The base of each 
cusp is secured to the fibrous ring that surrounds the 
atrioventricular orifice. This fibrous ring helps to main- 
tain the shape of the opening. The cusps are continuous 
with each other near their bases at sites termed 
commissures. 

The naming of the three cusps, the anterior, septal, 
and posterior cusps, is based on their relative position in 
the right ventricle. The free margins of the cusps are 
attached to the chordae tendineae, which arise from the 
tips of the papillary muscles. 

During filling of the right ventricle, the tricuspid valve is 
open, and the three cusps project into the right ventricle. 

Without the presence of a compensating mechanism, 
when the ventricular musculature contracts, the valve 
cusps would be forced upward with the flow of blood and 
blood would move back into the right atrium. However, 
contraction of the papillary muscles attached to the cusps 
by chordae tendineae prevent the cusps from being everted 
into the right atrium. 

Simply put, the papillary muscles and associated chordae 
tendineae keep the valves closed during the dramatic 
changes in ventricular size that occur during contraction. 
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Fig. 3.64 Internal view of the right ventricle. 


In addition, chordae tendineae from two papillary 
muscles attach to each cusp. This helps prevent separation 
of the cusps during ventricular contraction. Proper closing 
of the tricuspid valve causes blood to exit the right ventricle 
and move into the pulmonary trunk. 

Necrosis of a papillary muscle following a myocardial 
infarction (heart attack) may result in prolapse of the 
related valve. 


Pulmonary valve 


At the apex of the infundibulum, the outflow tract of the 
right ventricle, the opening into the pulmonary trunk is 
closed by the pulmonary valve (Fig. 3.64), which consists 
of three semilunar cusps with free edges projecting 
upward into the lumen of the pulmonary trunk. The free 
superior edge of each cusp has a middle, thickened portion, 
the nodule of the semilunar cusp, and a thin lateral 
portion, the lunula of the semilunar cusp (Fig. 3.65). 
The cusps are named the left, right, and anterior Left Anterior Right 
semilunar cusps, relative to their fetal position before Semilunar cusps 
rotation of the outflow tracks from the ventricles is com- 
188 plete. Each cusp forms a pocket-like sinus (Fig. 3.65)—a 





Fig. 3.65 Posterior view of the pulmonary valve. 





dilation in the wall of the initial portion of the pulmonary As with the right atrium, the left atrium is derived 
trunk. After ventricular contraction, the recoil of blood fills embryologically from two structures. 

these pulmonary sinuses and forces the cusps closed. 

This prevents blood in the pulmonary trunk from refilling 

the right ventricle. = The posterior half, or inflow portion, receives the four 
pulmonary veins (Fig. 3.66). It has smooth walls and 
derives from the proximal parts of the pulmonary veins 
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Fig. 3.66 Left atrium. A. Internal view. B. Axial computed tomography image showing the pulmonary veins entering the left atrium. 189 
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= The anterior half is continuous with the left auricle. It 
contains musculi pectinati and derives from the embry- 
onic primitive atrium. Unlike the crista terminalis in the 
right atrium, no distinct structure separates the two 
components of the left atrium. 


The interatrial septum is part of the anterior wall of the 
left atrium. The thin area or depression in the septum is 
the valve of the foramen ovale and is opposite the floor of 
the fossa ovalis in the right atrium. 

During development, the valve of foramen ovale pre- 
vents blood from passing from the left atrium to the right 
atrium. This valve may not be completely fused in some 
adults, leaving a “probe patent” passage between the right 
atrium and the left atrium. 


Left ventricle 


The left ventricle lies anterior to the left atrium. It contrib- 
utes to the anterior, diaphragmatic, and left pulmonary 
surfaces of the heart, and forms the apex. 

Blood enters the ventricle through the left atrioven- 
tricular orifice and flows in a forward direction to the 
apex. The chamber itself is conical, is longer than the right 
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Fig. 3.67 Internal view of the left ventricle. 


ventricle, and has the thickest layer of myocardium. The 
outflow tract (the aortic vestibule) is posterior to the 
infundibulum of the right ventricle, has smooth walls, and 
is derived from the embryonic bulbus cordis. 

The trabeculae carneae in the left ventricle are fine 
and delicate in contrast to those in the right ventricle. The 
general appearance of the trabeculae with muscular ridges 
and bridges is similar to that of the right ventricle (Fig. 
3.67). 

Papillary muscles, together with chordae tendineae, are 
also observed and their structure is as described above for 
the right ventricle. Two papillary muscles, the anterior 
and posterior papillary muscles, are usually found in 
the left ventricle and are larger than those of the right 
ventricle. 

In the anatomical position, the left ventricle is some- 
what posterior to the right ventricle. The interventricular 
septum therefore forms the anterior wall and some of the 
wall on the right side of the left ventricle. The septum is 
described as having two parts: 


= amuscular part, and 
= amembranous part. 
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The muscular part is thick and forms the major part of 
the septum, whereas the membranous part is the thin, 
upper part of the septum. A third part of the septum may 
be considered an atrioventricular part because of its posi- 
tion above the septal cusp of the tricuspid valve. This supe- 
rior location places this part of the septum between the left 
ventricle and right atrium. 


Mitral valve 


The left atrioventricular orifice opens into the posterior 
right side of the superior part of the left ventricle. It is 
closed during ventricular contraction by the mitral valve 
(left atrioventricular valve), which is also referred to 
as the bicuspid valve because it has two cusps, the ante- 
rior and posterior cusps (Fig. 3.67). The bases of the 
cusps are secured to a fibrous ring surrounding the 
opening, and the cusps are continuous with each other at 
the commissures. The coordinated action of the papillary 
muscles and chordae tendineae is as described for the 
right ventricle. 


Aortic valve 


The aortic vestibule, or outflow tract of the left ventricle, 
is continuous superiorly with the ascending aorta. The 
opening from the left ventricle into the aorta is closed by 
the aortic valve. This valve is similar in structure to the 
pulmonary valve. It consists of three semilunar cusps 
with the free edge of each projecting upward into the lumen 
of the ascending aorta (Fig. 3.68). 

Between the semilunar cusps and the wall of the ascend- 
ing aorta are pocket-like sinuses—the right, left, and pos- 
terior aortic sinuses. The right and left coronary arteries 
originate from the right and left aortic sinuses. Because of 


In the clinic 


Valve disease 
Valve problems consist of two basic types: 


= incompetence (insufficiency), which results from 
poorly functioning valves; and 

= stenosis, a narrowing of the orifice, caused by the 
valve’s inability to open fully. 


Mitral valve disease is usually a mixed pattern of 
stenosis and incompetence, one of which usually 
predominates. Both stenosis and incompetence lead to a 
poorly functioning valve and subsequent heart changes, 
which include: 


m left ventricular hypertrophy (this is appreciably less 
marked in patients with mitral stenosis); 
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Fig. 3.68 Anterior view of the aortic valve. 


this, the posterior aortic sinus and cusp are sometimes 
referred to as the noncoronary sinus and cusp. 

The functioning of the aortic valve is similar to that of 
the pulmonary valve with one important additional 
process: as blood recoils after ventricular contraction and 
fills the aortic sinuses, it is automatically forced into the 
coronary arteries because these vessels originate from the 
right and left aortic sinuses. 


m increased pulmonary venous pressure; 

m pulmonary edema; and 

= enlargement (dilation) and hypertrophy of the left 
atrium. 


Aortic valve disease—both aortic stenosis and aortic 
regurgitation (backflow) can produce marked heart failure. 

Valve disease in the right side of the heart 
(affecting the tricuspid or pulmonary valve) is most 
likely caused by infection. The resulting valve 
dysfunction produces abnormal pressure changes in the 
right atrium and right ventricle, and these can induce 
cardiac failure. 


191 





192 


Thorax 


Cardiac skeleton 


The cardiac skeleton is a collection of dense, fibrous con- 
nective tissue in the form of four rings with interconnect- 
ing areas in a plane between the atria and the ventricles. 
The four rings of the cardiac skeleton surround the two 
atrioventricular orifices, the aortic orifice and opening of 
the pulmonary trunks. They are the anulus fibrosus. The 
interconnecting areas include: 


= the right fibrous trigone, which is a thickened area 
of connective tissue between the aortic ring and right 
atrioventricular ring; and 

= the left fibrous trigone, which is a thickened area of 
connective tissue between the aortic ring and the left 
atrioventricular ring (Fig. 3.69). 


The cardiac skeleton helps maintain the integrity of the 
openings it surrounds and provides points of attachment 
for the cusps. It also separates the atrial musculature from 
the ventricular musculature. The atrial myocardium origi- 
nates from the upper border of the rings, whereas the ven- 
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Fig. 3.69 Cardiac skeleton (atria removed). 
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tricular myocardium originates from the lower border of 
the rings. 

The cardiac skeleton also serves as a dense connective 
tissue partition that electrically isolates the atria from 
the ventricles. The atrioventricular bundle, which passes 
through the anulus, is the single connection between these 
two groups of myocardium. 


Coronary vasculature 


Two coronary arteries arise from the aortic sinuses in the 
initial portion of the ascending aorta and supply the muscle 
and other tissues of the heart. They circle the heart in the 
coronary sulcus, with marginal and interventricular 
branches, in the interventricular sulci, converging toward 
the apex of the heart (Fig. 3.70). 

The returning venous blood passes through cardiac 
veins, most of which empty into the coronary sinus. This 
large venous structure is located in the coronary sulcus on 
the posterior surface of the heart between the left atrium 
and left ventricle. The coronary sinus empties into the right 
atrium between the opening of the inferior vena cava and 
the right atrioventricular orifice. 
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Coronary arteries 


Right coronary artery. The right coronary artery origi- 
nates from the right aortic sinus of the ascending aorta. It 
passes anteriorly and to the right between the right auricle 
and the pulmonary trunk and then descends vertically in 
the coronary sulcus, between the right atrium and right 
ventricle (Fig. 3.71A). On reaching the inferior margin of 
the heart, it turns posteriorly and continues in the sulcus 
onto the diaphragmatic surface and base of the heart. 
During this course, several branches arise from the main 
stem of the vessel: 


an early atrial branch passes in the groove between 
the right auricle and ascending aorta, and gives off the 
sinu-atrial nodal branch, which passes posteriorly 
around the superior vena cava to supply the sinu-atrial 
node; 

a right marginal branch is given off as the right coro- 
nary artery approaches the inferior (acute) margin of 
the heart (Fig. 3.71B) and continues along this border 
toward the apex of the heart; 

as the right coronary artery continues on the base/ 
diaphragmatic surface of the heart, it supplies a small 
branch to the atrioventricular node before giving off its 
final major branch, the posterior interventricular 
branch, which lies in the posterior interventricular 
sulcus. 


The right coronary artery supplies the right atrium and 
right ventricle, the sinu-atrial and atrioventricular nodes, 
the interatrial septum, a portion of the left atrium, the pos- 
teroinferior one-third of the interventricular septum, and 
a portion of the posterior part of the left ventricle. 


Left coronary artery. The left coronary artery originates 
from the left aortic sinus of the ascending aorta. It passes 
between the pulmonary trunk and the left auricle before 
entering the coronary sulcus. While still posterior to the 
pulmonary trunk, the artery divides into its two terminal 
branches, the anterior interventricular and the circumflex 
(Fig. 3.71A). 


The anterior interventricular branch (left ante- 
rior descending artery—LAD) continues around 
the left side of the pulmonary trunk and descends 
obliquely toward the apex of the heart in the anterior 
interventricular sulcus (Fig. 3.71C). During its course, 
one or two large diagonal branches may arise and 
descend diagonally across the anterior surface of the left 
ventricle. 


The circumflex branch courses toward the left, in the 
coronary sulcus and onto the base/diaphragmatic 
surface of the heart, and usually ends before reaching 
the posterior interventricular sulcus. A large branch, 
the left marginal artery, usually arises from it and 
continues across the rounded obtuse margin of the 
heart. 


The distribution pattern of the left coronary artery 
enables it to supply most of the left atrium and left ventri- 
cle, and most of the interventricular septum, including the 
atrioventricular bundle and its branches. 


Variations in the distribution patterns of coronary arteries. 
Several major variations in the basic distribution patterns 
of the coronary arteries occur. 


The distribution pattern described above for both right 
and left coronary arteries is the most common and con- 
sists of a right dominant coronary artery. This means 
that the posterior interventricular branch arises from 
the right coronary artery. The right coronary artery 
therefore supplies a large portion of the posterior wall 
of the left ventricle and the circumflex branch of the left 
coronary artery is relatively small. 

In contrast, in hearts with a left dominant coronary 
artery, the posterior interventricular branch arises from 
an enlarged circumflex branch and supplies most of the 
posterior wall of the left ventricle (Fig. 3.72). 

Another point of variation relates to the arterial supply 
to the sinu-atrial and atrioventricular nodes. In most 
cases, these two structures are supplied by the right 
coronary artery. However, vessels from the circumflex 
branch of the left coronary artery occasionally supply 
these structures. 


In the clinic 


Clinical terminology for coronary arteries 

In practice, physicians use alternative names for the 
coronary vessels. The short left coronary artery is 
referred to as the left main stem vessel. One of its 
primary branches, the anterior interventricular artery, is 
termed the left anterior descending artery (LAD). 
Similarly, the terminal branch of the right coronary 
artery, the posterior interventricular artery, is termed 
the posterior descending artery (PDA). 
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Fig. 3.71 A. Anterior view of coronary arterial system. Right dominant coronary artery. B. Left anterior oblique view of right coronary 195 
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Fig. 3.72 Left dominant coronary artery. 


In the clinic 


Coronary artery disease 

Occlusion of a major coronary artery leads to an 
inadequate oxygenation of an area of myocardium and 
cell death (i.e. myocardial infarction). The severity 
depends on the size and location of the artery involved 
and whether or not the blockage is complete. Partial 
blockages may produce pain (angina) during or after 
exercise. The typical symptoms are chest heaviness or 
pressure, which is severe, lasting more than 20 minutes, 
and associated with sweating. The pain in the chest 
(“elephant sitting on my chest” or a clenched fist to 
describe the pain) often radiates to the arms, especially 
the left arm, and can be associated with nausea. Men 
usually experience the classic description. Women are 
more likely to have atypical features such as a “sharp” 
quality to the pain, with it localized in the back, shoulder, 
jaw, neck or epigastrium. 

The severity of ischemia and infarction depends on the 
rate at which the occlusion or stenosis has occurred and 
whether or not collateral channels have had a chance to 
develop. 
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Several procedures are now available to improve blood 
flow in partially or completely occluded coronary arteries. 


= Coronary angioplasty is a technique in which a 
long fine tube (a catheter) is inserted into the 
femoral artery in the thigh, passed through external 
and common iliac arteries and into the aorta to the 
origins of the coronary arteries. A fine wire is then 
passed into the coronary artery and is used to cross 
the stenosis. A fine balloon is then passed over the 
wire and inflated at the level of the obstruction, thus 
widening it. 

m |f the coronary artery disease is too severe to be 
treated by coronary angioplasty, surgical coronary 
artery bypass grafting may be necessary. The great 
saphenous vein in the lower limb is harvested and 
used as an autologous graft. It is divided into several 
pieces, each of which is used to bypass blocked 
sections of the coronary arteries. The internal 
thoracic or radial arteries can also be used for this 
purpose. 


In the clinic 


Common congenital heart defects 

The most common abnormalities that occur during 
development are those produced by a defect in the 
atrial and ventricular septa. 

A defect in the interatrial septum allows blood to 
pass from one side of the heart to the other from the 
chamber with the higher pressure; this is clinically 
referred to as a shunt. An atrial septal defect (ASD) 
allows oxygenated blood to flow from the left atrium 
(higher pressure) across the ASD into the right atrium 
(lower pressure). Many patients with ASD are 
asymptomatic, but in some cases the ASD may need to 
be closed surgically or by endovascular devices. 
Occasionally, increased blood flow into the right atrium 
over many years leads to right atrial and right 
ventricular hypertrophy and enlargement of the 
pulmonary trunk, resulting in pulmonary arterial 
hypertension. 

The most common of all congenital heart defects are 
those that occur in the ventricular septum— 
ventriculoseptal defect (VSD). These lesions are most 
frequent in the membranous portion of the septum and 
they allow blood to move from the left ventricle (higher 
pressure) to the right ventricle (lower pressure); this 
leads to right ventricular hypertrophy and pulmonary 
arterial hypertension. If large enough and left untreated, 
VSDs can produce marked clinical problems that might 
require surgery. 

Occasionally, the ductus arteriosus, which connects 
the left branch of the pulmonary artery to the inferior 
aspect of the aortic arch, fails to close at birth. When 
this occurs, the oxygenated blood in the aortic arch 
(higher pressure) passes into the left branch of the 
pulmonary artery (lower pressure) and produces 
pulmonary hypertension. This is termed a patent or 
persistent ductus arteriosus (PDA). 

All of these defects produce a left-to-right shunt, 
indicating that oxygenated blood from the left heart is 
being mixed with deoxygenated blood from the right 
heart before being recirculated into the pulmonary 
circulation. These shunts are normally compatible with 
life, but surgery or endovascular treatment may be 
necessary. 

Rarely, a shunt is right-to-left. In isolation this is 
fatal; however, this type of shunt is often associated 
with other anomalies, so some deoxygenated 
blood is returned to the lungs and the systemic 
circulation. 


Regional anatomy ° Mediastinum 


In the clinic 


Cardiac auscultation 

Auscultation of the heart reveals the normal audible 
cardiac cycle, which allows the clinician to assess heart 
rate, rhythm, and regularity. Furthermore, cardiac 
murmurs that have characteristic sounds within the 
phases of the cardiac cycle can be demonstrated 

(Fig. 3.73). 
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Fig. 3.73 Heart sounds and how they relate to valve closure, 
the electrocardiogram (ECG), and ventricular pressure. 
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Cardiac veins 


The coronary sinus receives four major tributaries: the 
great, middle, small, and posterior cardiac veins. 


Great cardiac vein. The great cardiac vein begins at the 
apex of the heart (Fig. 3.74A). It ascends in the anterior 
interventricular sulcus, where it is related to the anterior 
interventricular artery and is often termed the anterior 
interventricular vein. Reaching the coronary sulcus, 
the great cardiac vein turns to the left and continues onto 
the base/diaphragmatic surface of the heart. At this point, 
it is associated with the circumflex branch of the left coro- 
nary artery. Continuing along its path in the coronary 
sulcus, the great cardiac vein gradually enlarges to form 
the coronary sinus, which enters the right atrium (Fig. 
3.74B). 


Middle cardiac vein. The middle cardiac vein (poste- 
rior interventricular vein) begins near the apex of the 
heart and ascends in the posterior interventricular sulcus 
toward the coronary sinus (Fig. 3.74B). It is associated 
with the posterior interventricular branch of the right or 
left coronary artery throughout its course. 


Small cardiac vein. The small cardiac vein begins in the 
lower anterior section of the coronary sulcus between the 
right atrium and right ventricle (Fig. 3.74A). It continues 
in this groove onto the base/diaphragmatic surface of the 
heart where it enters the coronary sinus at its atrial end. It 


is acompanion of the right coronary artery throughout its 
course and may receive the right marginal vein (Fig. 
3.74A). This small vein accompanies the marginal branch 
of the right coronary artery along the acute margin of the 
heart. If the right marginal vein does not join the small 
cardiac vein, it enters the right atrium directly. 


Posterior cardiac vein. The posterior cardiac vein lies 
on the posterior surface of the left ventricle just to the left 
of the middle cardiac vein (Fig. 3.74B). It either enters the 
coronary sinus directly or joins the great cardiac vein. 


Other cardiac veins. Two additional groups of cardiac 
veins are also involved in the venous drainage of the 
heart. 


The anterior veins of right ventricle (anterior 
cardiac veins) are small veins that arise on the ante- 
rior surface of the right ventricle (Fig. 3.74A). They 
cross the coronary sulcus and enter the anterior wall of 
the right atrium. They drain the anterior portion of the 
right ventricle. The right marginal vein may be part of 
this group if it does not enter the small cardiac vein. 

A group of smallest cardiac veins (venae cordis 
minimae or veins of Thebesius) have also been 
described. Draining directly into the cardiac chambers, 
they are numerous in the right atrium and right ven- 
tricle, are occasionally associated with the left atrium, 
and are rarely associated with the left ventricle. 
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Fig. 3.74 Major cardiac veins. A. Anterior view of major cardiac veins. B. Posteroinferior view of major cardiac veins. 
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Coronary lymphatics 


The lymphatic vessels of the heart follow the coronary 
arteries and drain mainly into: 


brachiocephalic nodes, anterior to the brachiocephalic 
veins; and 

tracheobronchial nodes, at the inferior end of the 
trachea. 


Cardiac conduction system 


The musculature of the atria and ventricles is capable of 
contracting spontaneously. The cardiac conduction 
system initiates and coordinates contraction. The conduc- 
tion system consists of nodes and networks of specialized 
cardiac muscle cells organized into four basic components: 


the sinu-atrial node; 

the atrioventricular node; 

the atrioventricular bundle with its right and left bundle 
branches; 

the subendocardial plexus of conduction cells (the 
Purkinje fibers). 


The unique distribution pattern of the cardiac con- 
duction system establishes an important unidirectional 
pathway of excitation/contraction. Throughout its course, 
large branches of the conduction system are insulated 
from the surrounding myocardium by connective tissue. 
This tends to decrease inappropriate stimulation and con- 
traction of cardiac muscle fibers. 

The number of functional contacts between the conduc- 
tion pathway and cardiac musculature greatly increases in 
the subendocardial network. 

Thus, a unidirectional wave of excitation and contrac- 
tion is established, which moves from the papillary muscles 
and apex of the ventricles to the arterial outflow tracts. 


Sinu-atrial node 


Impulses begin at the sinu-atrial node, the cardiac pace- 
maker. This collection of cells is located at the superior end 
of the crista terminalis at the junction of the superior vena 
cava and the right atrium (Fig. 3.75A). This is also the 
junction between the parts of the right atrium derived from 
the embryonic sinus venosus and the atrium proper. 

The excitation signals generated by the sinu-atrial node 
spread across the atria, causing the muscle to contract. 


Atrioventricular node 


Concurrently, the wave of excitation in the atria stimulates 
the atrioventricular node, which is located near the 
opening of the coronary sinus, close to the attachment of 


the septal cusp of the tricuspid valve, and within the atrio- 
ventricular septum (Fig. 3.75A). 

The atrioventricular node is a collection of specialized 
cells that forms the beginning of an elaborate system of con- 
ducting tissue, the atrioventricular bundle, which extends 
the excitatory impulse to all ventricular musculature. 


Atrioventricular bundle 


The atrioventricular bundle is a direct continuation of 
the atrioventricular node (Fig. 3.75A). It follows along the 
lower border of the membranous part of the interventricu- 
lar septum before splitting into right and left bundles. 

The right bundle branch continues on the right side 
of the interventricular septum toward the apex of the right 
ventricle. From the septum it enters the septomarginal tra- 
becula to reach the base of the anterior papillary muscle. 
At this point, it divides and is continuous with the final 
component of the cardiac conduction system, the suben- 
docardial plexus of ventricular conduction cells or Pur- 
kinje fibers. This network of specialized cells spreads 
throughout the ventricle to supply ventricular muscula- 
ture including the papillary muscles. 

The left bundle branch passes to the left side of the 
muscular interventricular septum and descends to the 
apex of the left ventricle (Fig. 3.75B). Along its course it 
gives off branches that eventually become continuous with 
the subendocardial plexus of conduction cells (Pur- 
kinje fibers). As with the right side, this network of spe- 
cialized cells spreads the excitation impulses throughout 
the left ventricle. 


In the clinic 


Cardiac conduction system 

The cardiac conduction system can be affected by 
coronary artery disease. The normal rhythm may be 
disturbed if the blood supply to the coronary 
conduction system is disrupted. If a dysrhythmia affects 
the heart rate or the order in which the chambers 
contract, heart failure and death may ensue. 


Cardiac innervation 


The autonomic division of the peripheral nervous system 
is directly responsible for regulating: 


heart rate; 
force of each contraction; and 
cardiac output. 
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Fig. 3.75 Conduction system of the heart. A. Right chambers. B. Left chambers. 
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Branches from both the parasympathetic and sympa- 
thetic systems contribute to the formation of the cardiac 
plexus. This plexus consists of a superficial part, inferior 
to the aortic arch and between it and the pulmonary trunk 
(Fig. 3.76A), and a deep part, between the aortic arch and 
the tracheal bifurcation (Fig. 3.76B). 
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202 Fig. 3.76 Cardiac plexus. A. Superficial. B. Deep. 


From the cardiac plexus, small branches that are 
mixed nerves containing both sympathetic and parasym- 
pathetic fibers supply the heart. These branches affect 
nodal tissue and other components of the conduction 
system, coronary blood vessels, and atrial and ventricular 
musculature. 
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Parasympathetic innervation 


Stimulation of the parasympathetic system: 


= decreases heart rate; 
= reduces force of contraction; and 
= constricts the coronary arteries. 


The preganglionic parasympathetic fibers reach the 
heart as cardiac branches from the right and left vagus 
nerves. They enter the cardiac plexus and synapse in 
ganglia located either within the plexus or in the walls of 
the atria. 


Sympathetic innervation 


Stimulation of the sympathetic system: 


m increases heart rate; and 
= increases the force of contraction. 


Sympathetic fibers reach the cardiac plexus through the 
cardiac nerves from the sympathetic trunk. Preganglionic 
sympathetic fibers from the upper four or five segments of 
the thoracic spinal cord enter and move through the sym- 
pathetic trunk. They synapse in cervical and upper tho- 
racic sympathetic ganglia, and postganglionic fibers 
proceed as bilateral branches from the sympathetic trunk 
to the cardiac plexus. 
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Visceral afferents 


Visceral afferents from the heart are also a component of 
the cardiac plexus. These fibers pass through the cardiac 
plexus and return to the central nervous system in the 
cardiac nerves from the sympathetic trunk and in the vagal 
cardiac branches. 

The afferents associated with the vagal cardiac nerves 
return to the vagus nerve |X]. They sense alterations in 
blood pressure and blood chemistry and are therefore pri- 
marily concerned with cardiac reflexes. 

The afferents associated with the cardiac nerves from 
the sympathetic trunks return to either the cervical or the 
thoracic portions of the sympathetic trunk. If they are in 
the cervical portion of the trunk, they normally descend to 
the thoracic region where they re-enter the upper four or 
five thoracic spinal cord segments along with the afferents 
from the thoracic region of the sympathetic trunk. Visceral 
afferents associated with the sympathetic system conduct 
pain sensation from the heart, which is detected at the 
cellular level as tissue-damaging events (i.e., cardiac 
ischemia). This pain is often “referred” to cutaneous regions 
supplied by the same spinal cord levels (p. 236). 


Pulmonary trunk 


The pulmonary trunk is contained within the pericardial 
sac (Fig. 3.77), is covered by the visceral layer of serous 
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Fig. 3.77 Major vessels within the middle mediastinum. A. Anterior view. B. Posterior view. 
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pericardium, and is associated with the ascending aorta in 
a common sheath. It arises from the conus arteriosus of the 
right ventricle at the opening of the pulmonary trunk 
slightly anterior to the aortic orifice and ascends, moving 
posteriorly and to the left, lying initially anterior and then 
to the left of the ascending aorta. At approximately the 
level of the intervertebral disc between vertebrae TV and 
TVI, opposite the left border of the sternum and posterior 
to the third left costal cartilage, the pulmonary trunk 
divides into: 


the right pulmonary artery, which passes to the right, 
posterior to the ascending aorta and the superior vena 
cava, to enter the right lung; and 

the left pulmonary artery, which passes inferiorly to the 
arch of the aorta and anteriorly to the descending aorta 
to enter the left lung. 


Ascending aorta 


The ascending aorta is contained within the pericardial 
sac and is covered by a visceral layer of serous pericardium, 
which also surrounds the pulmonary trunk in a common 
sheath (Fig. 3.77A). 

The origin of the ascending aorta is the aortic orifice at 
the base of the left ventricle, which is level with the lower 
edge of the third left costal cartilage, posterior to the left 
half of the sternum. Moving superiorly, slightly forward 
and to the right, the ascending aorta continues to the level 
of the second right costal cartilage. At this point, it enters 
the superior mediastinum and is then referred to as the 
arch of the aorta. 

Immediately superior to the point where the ascending 
aorta arises from the left ventricle are three small outward 
bulges opposite the semilunar cusps of the aortic valve. 
These are the posterior, right, and left aortic sinuses. The 
right and left coronary arteries originate from the right and 
left aortic sinuses, respectively. 


Other vasculature 


The inferior half of the superior vena cava is located 
within the pericardial sac (Fig. 3.77B). It passes through 
the fibrous pericardium at approximately the level of 
the second costal cartilage and enters the right atrium 
at the lower level of the third costal cartilage. The 
portion within the pericardial sac is covered with serous 
pericardium except for a small area on its posterior 
surface. 


After passing through the diaphragm, at approximately 
the level of vertebra TVIII, the inferior vena cava enters 
the fibrous pericardium. A short portion of this vessel is 
within the pericardial sac before entering the right atrium. 
While within the pericardial sac, it is covered by serous 
pericardium except for a small portion of its posterior 
surface (Fig. 3.77B). 

A very short segment of each of the pulmonary veins is 
also within the pericardial sac. These veins, usually two 
from each lung, pass through the fibrous pericardium and 
enter the superior region of the left atrium on its posterior 
surface. In the pericardial sac, all but a portion of the pos- 
terior surface of these veins is covered by serous pericar- 
dium. In addition, the oblique pericardial sinus is 
between the right and left pulmonary veins, within the 
pericardial sac (Fig. 3.77). 


Superior mediastinum 


The superior mediastinum is posterior to the manu- 
brium of the sternum and anterior to the bodies of the first 
four thoracic vertebrae (see Fig. 3.52). 


Its superior boundary is an oblique plane passing from 
the jugular notch upward and posteriorly to the supe- 
rior border of vertebra TI. 

Inferiorly, a transverse plane passing from the sternal 
angle to the intervertebral disc between vertebra TIV/V 
separates it from the inferior mediastinum. 

Laterally, it is bordered by the mediastinal part of the 
parietal pleura on either side. 


The superior mediastinum is continuous with the neck 
superiorly and with the inferior mediastinum inferiorly. 

The major structures found in the superior mediasti- 
num (Figs. 3.78 and 3.79) include the: 


thymus; 

right and left brachiocephalic veins; 

left superior intercostal vein; 

superior vena cava; 

arch of the aorta with its three large branches; 
trachea; 

esophagus; 

phrenic nerves; 

vagus nerves; 

left recurrent laryngeal branch of the left vagus nerve; 
thoracic duct; and 

other small nerves, blood vessels, and lymphatics 
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Fig. 3.78 Structures in the superior mediastinum. 
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Fig. 3.79 Cross-section through the superior mediastinum at the level of vertebra TIII. A. Diagram. B. Axial computed tomography image. 205 
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Thymus 


The thymus is the most anterior component of the 
superior mediastinum, lying immediately posterior to the 
manubrium of the sternum. It is an asymmetric, bilobed 
structure (Fig. 3.80). 

The upper extent of the thymus can reach into the neck 
as high as the thyroid gland; a lower portion typically 
extends into the anterior mediastinum over the pericardial 
sac. 

Involved in the early development of the immune 
system, the thymus is a large structure in the child, 
begins to atrophy after puberty, and shows considerable 
size variation in the adult. In the elderly adult, it is barely 
identifiable as an organ, consisting mostly of fatty 
tissue that is sometimes arranged as two lobulated fatty 
structures. 

Arteries to the thymus consist of small branches 
originating from the internal thoracic arteries. 
Venous drainage into the left brachio- 
cephalic vein and possibly into the internal thoracic 
veins. 

Lymphatic drainage returns to multiple groups of nodes 
at one or more of the following locations: 


is usually 
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Fig. 3.80 Thymus. 


= along the internal thoracic arteries (parasternal); 
= atthe tracheal bifurcation (tracheobronchial); and 
= in the root of the neck. 


In the clinic 


Ectopic parathyroid glands in the thymus 

The parathyroid glands develop from the third 
pharyngeal pouch, which also forms the thymus. The 
thymus is therefore a common site for ectopic 
parathyroid glands and, potentially, ectopic parathyroid 
hormone production. 


Right and left brachiocephalic veins 


The left and right brachiocephalic veins are located imme- 
diately posterior to the thymus. They form on each side at 
the junction between the internal jugular and subclavian 
veins (see Fig. 3.78). The left brachiocephalic vein crosses 
the midline and joins with the right brachiocephalic vein 
to form the superior vena cava (Fig. 3.81). 


= The right brachiocephalic vein begins posterior to 
the medial end of the right clavicle and passes vertically 





Left internal thoracic artery 


Pericardial sac 


downward, forming the superior vena cava when it is 
joined by the left brachiocephalic vein. Venous tributar- 
ies include the vertebral, first posterior intercostal, and 
internal thoracic veins. The inferior thyroid and thymic 
veins may also drain into it. 

= The left brachiocephalic vein begins posterior to the 
medial end of the left clavicle. It crosses to the right, 
moving in a slightly inferior direction, and joins with 
the right brachiocephalic vein to form the superior vena 
cava posterior to the lower edge of the right first costal 
cartilage close to the right sternal border. Venous tribu- 
taries include the vertebral, first posterior intercostal, 
left superior intercostal, inferior thyroid, and internal 
thoracic veins. It may also receive thymic and pericar- 
dial veins. The left brachiocephalic vein crosses the 
midline posterior to the manubrium in the adult. In 
infants and children the left brachiocephalic vein rises 
above the superior border of the manubrium and there- 
fore is less protected. 


Left superior intercostal vein 


The left superior intercostal vein receives the second, 
third and sometimes the fourth posterior intercostal veins, 
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Fig. 3.81 Superior mediastinum with thymus removed. 


usually the left bronchial veins, and sometimes the left 
pericardiacophrenic vein. It passes over the left side of the 
aortic arch, lateral to the left vagus nerve and medial to the 
left phrenic nerve, before entering the left brachiocephalic 
vein (Fig. 3.82). Inferiorly, it may connect with the acces- 
sory hemiazygos vein (superior hemiazygos vein). 


Superior vena cava 


The vertically oriented superior vena cava begins posterior 
to the lower edge of the right first costal cartilage, where 
the right and left brachiocephalic veins join, and termi- 
nates at the lower edge of the right third costal cartilage, 
where it joins the right atrium (see Fig. 3.78). 

The lower half of the superior vena cava is within the 
pericardial sac and is therefore contained in the middle 
mediastinum. 

The superior vena cava receives the azygos vein imme- 
diately before entering the pericardial sac and may also 
receive pericardial and mediastinal veins. 

The superior vena cava can be easily visualized forming 
part of the right superolateral border of the mediastinum 
on a chest radiograph (see Fig. 3.60A). 
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Fig. 3.82 Left superior intercostal vein. 


Venous access for central and dialysis lines mediastinum, with the tips of the lines usually residing in 
Large systemic veins are used to establish central venous the distal portion of the superior vena cava or in the right 
access for administering large amounts of fluid, drugs, and atrium. 

blood. Most of these lines (small bore tubes) are Similar devices, such as dialysis lines, are inserted into 
introduced through venous puncture into the axillary, patients who have renal failure, so that a large volume of 
subclavian, or internal jugular veins. The lines are then blood can be aspirated through one channel and re- 
passed through the main veins of the superior infused through a second channel. 





Arch of aorta and its branches 


In the clinic The thoracic portion of the aorta can be divided into 


ascending aorta, arch of aorta, and thoracic (descend- 
ing) aorta. Only the arch of the aorta is in the superior 
mediastinum. It begins when the ascending aorta emerges 
from the pericardial sac and courses upward, backward, 
and to the left as it passes through the superior mediasti- 
num, ending on the left side at vertebral level TIV/V (see 
Fig. 3.78). Extending as high as the midlevel of the manu- 
brium of sternum, the arch is initially anterior and finally 


Using the superior vena cava to access the inferior 
vena cava 

Because the superior and inferior vena cava are oriented 
along the same vertical axis, a guide-wire, catheter, or 
line can be passed from the superior vena cava through 
the right atrium and into the inferior vena cava. This is a 
common route of access for such procedures as: 


= transjugular liver biopsy; lateral to the trachea. 
= transjugular intrahepatic portosystemic shunts Three branches arise from the superior border of the 
(TIPS); and arch of the aorta; at their origins, all three are crossed 
= insertion of an inferior vena cava filter to catch anteriorly by the left brachiocephalic vein. 
emboli dislodged from veins in the lower limb and 
pelvis (i.e., patients with deep vein thrombosis The first branch 
[DVT]). Beginning on the right, the first branch of the arch of 


aorta is the brachiocephalic trunk (Fig. 3.83). It is the 
largest of the three branches and, at its point of origin 
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Fig. 3.83 Superior mediastinum with thymus and venous channels removed. 209 
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behind the manubrium of sternum, is slightly anterior to 
the other two branches. It ascends slightly posteriorly and 
to the right. At the level of the upper edge of the right 
sternoclavicular joint, the brachiocephalic trunk divides 
into: 


the right common carotid artery; and 
the right subclavian artery (see Fig. 3.78). 


The arteries mainly supply the right side of the head and 
neck and the right upper limb, respectively. 

Occasionally, the brachiocephalic trunk has a small 
branch, the thyroid ima artery, which contributes to the 
vascular supply of the thyroid gland. 


The second branch 


The second branch of the arch of aorta is the left common 
carotid artery (Fig. 3.83). It arises from the arch imme- 
diately to the left and slightly posterior to the brachioce- 
phalic trunk and ascends through the superior mediastinum 
along the left side of the trachea. 

The left common carotid artery supplies the left side of 
the head and neck. 


The third branch 


The third branch of the arch of the aorta is the left sub- 
clavian artery (Fig. 3.83). It arises from the arch of aorta 
immediately to the left of, and slightly posterior to, the left 
common carotid artery and ascends through the superior 
mediastinum along the left side of the trachea. 


In the clinic 


Thoracic aorta 

Diffuse atherosclerosis of the thoracic aorta may occur in 
patients with vascular disease, but this rarely produces 
symptoms. There are, however, two clinical situations in 
which aortic pathology can produce life-threatening 
situations. 


Trauma 
The aorta has three fixed points of attachment: 


m the aortic valve; 

m the ligamentum arteriosum; 

m the point of entry behind the crura of the 
diaphragm. 


The rest of the aorta is relatively free from attachment 
to other structures of the mediastinum. A serious 


The left subclavian artery is the major blood supply to 
the left upper limb. 


Ligamentum arteriosum 


The ligamentum arteriosum is also in the superior medi- 
astinum and is important in embryonic circulation, when 
it is a patent vessel (the ductus arteriosus). It connects 
the pulmonary trunk with the arch of aorta and allows 
blood to bypass the lungs during development (Fig. 3.83). 
The vessel closes soon after birth and forms the ligamen- 
tous connection observed in the adult. 


In the clinic 


Coarctation of the aorta 

Coarctation of the aorta is a congenital abnormality in 
which the aortic lumen is constricted just distal to the 
origin of the left subclavian artery. At this point, the 
aorta becomes significantly narrowed and the blood 
supply to the lower limbs and abdomen is diminished. 
Over time, collateral vessels develop around the chest 
wall and abdomen to supply the lower body. The 
coarctation also affects the heart, which has to pump 
the blood at higher pressure to maintain peripheral 
perfusion. This in turn may produce cardiac failure. 


deceleration injury (e.g., in a road traffic accident) is most 
likely to cause aortic trauma at these fixed points. 


Aortic dissection 

In certain conditions, such as in severe arteriovascular 
disease, the wall of the aorta can split longitudinally, 
creating a false channel, which may or may not rejoin 
into the true lumen distally. This aortic dissection 
occurs between the intima and media anywhere along its 
length. If it occurs in the ascending aorta or arch of the 
aorta, blood flow in the coronary and cerebral arteries 
may be disrupted, resulting in myocardial infarction or 
stroke. In the abdomen the visceral vessels may be 
disrupted, producing ischemia to the gut or kidneys. 


In the clinic 


Aortic arch and its anomalies 

A right-sided arch of aorta occasionally occurs and may 
be asymptomatic. It can be associated with 
dextrocardia (right-sided heart) and, in some instances, 
with complete situs inversus (left-to-right inversion of 
the body's organs). It can also be associated with 
abnormal branching of the great vessels. 


In the clinic 


Abnormal origin of great vessels 
Great vessels occasionally have an abnormal origin, 
including: 


= a common origin of the brachiocephalic trunk and 
the left common carotid artery; 

m the left vertebral artery originating from the aortic 
arch; and 

m the right subclavian artery originating from the 
distal portion of the aortic arch and passing 
behind the esophagus to supply the right arm—as 
a result, the great vessels form a vascular ring 
around the trachea and the esophagus, which can 
potentially produce difficulty swallowing. 
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Regional anatomy ° Mediastinum 


Trachea and esophagus 


The trachea is a midline structure that is palpable in the 
jugular notch as it enters the superior mediastinum. Pos- 
terior to it is the esophagus, which is immediately anterior 
to the vertebral column (Fig. 3.84, and see Figs. 3.78 and 
3.79). Significant mobility exists in the vertical positioning 
of these structures as they pass through the superior 
mediastinum. Swallowing and breathing cause positional 
shifts, as may disease and the use of specialized 
instrumentation. 

As the trachea and esophagus pass through the supe- 
rior mediastinum, they are crossed laterally by the azygos 
vein on the right side and the arch of aorta on the left 
side. 

The trachea divides into the right and left main bronchi 
at, or just inferior to, the transverse plane between the 
sternal angle and vertebral level TIV/V (Fig. 3.85), whereas 
the esophagus continues into the posterior mediastinum. 


Nerves of the superior mediastinum 
Vagus nerves 


The vagus nerves |X] pass through the superior and 
posterior divisions of the mediastinum on their way to the 
abdominal cavity. As they pass through the thorax, they 
provide parasympathetic innervation to the thoracic 
viscera and carry visceral afferents from the thoracic 
viscera. 


Superior vena cava Arch of aorta 








Trachea Esophagus 


Fig. 3.84 Cross-section through the superior mediastinum at the level of vertebra TIV. A. Diagram. B. Axial computed tomography image. 
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Thorax 


Visceral afferents in the vagus nerves relay information 
to the central nervous system about normal physiological 
processes and reflex activities. They do not transmit pain 
sensation. 


Right vagus nerve 


The right vagus nerve enters the superior mediastinum 
and lies between the right brachiocephalic vein and the 
brachiocephalic trunk. It descends in a posterior direction 
toward the trachea (Fig. 3.86), crosses the lateral surface 
of the trachea and passes posteriorly to the root of the right 
lung to reach the esophagus. Just before the esophagus, it 
is crossed by the arch of the azygos vein. 

As the right vagus nerve passes through the superior 
mediastinum, it gives branches to the esophagus, cardiac 
plexus, and pulmonary plexus. 
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Fig. 3.86 Right vagus nerve passing through the superior mediastinum. 
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Fig. 3.85 Trachea in the superior mediastinum. 
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Left vagus nerve 


The left vagus nerve enters the superior mediastinum 
posterior to the left brachiocephalic vein and between the 
left common carotid and left subclavian arteries (Fig. 3.87). 
As it passes into the superior mediastinum, it lies just deep 
to the mediastinal part of the parietal pleura and crosses 
the left side of the arch of aorta. It continues to descend 
in a posterior direction and passes posterior to the root of 
the left lung to reach the esophagus in the posterior 
mediastinum. 
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Fig. 3.87 Left vagus nerve passing through the superior mediastinum. 





As the left vagus nerve passes through the superior 
mediastinum, it gives branches to the esophagus, the 
cardiac plexus, and the pulmonary plexus. 

The left vagus nerve also gives rise to the left recurrent 
laryngeal nerve, which arises from it at the inferior margin 
of the arch of aorta just lateral to the ligamentum arterio- 
sum. The left recurrent laryngeal nerve passes inferior to 
the arch of aorta before ascending on its medial surface. 
Entering a groove between the trachea and esophagus, the 
left recurrent laryngeal nerve continues superiorly to enter 
the neck and terminate in the larynx (Fig. 3.88). 
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Phrenic nerves 


The phrenic nerves arise in the cervical region mainly from 
the fourth, but also from the third and fifth cervical spinal 
cord segments. 

The phrenic nerves descend through the thorax to 
supply motor and sensory innervation to the diaphragm 
and its associated membranes. As they pass through the 
thorax, they provide innervation through somatic afferent 
fibers to the mediastinal pleura, fibrous pericardium, and 
parietal layer of serous pericardium. 


Right phrenic nerve 


The right phrenic nerve enters the superior mediasti- 
num lateral to the right vagus nerve and lateral and slightly 
posterior to the beginning of the right brachiocephalic vein 
(see Fig. 3.86). It continues inferiorly along the right side 
of this vein and the right side of the superior vena cava. 
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Fig. 3.88 Left recurrent laryngeal nerve passing through the 
superior mediastinum. 


On entering the middle mediastinum, the right phrenic 
nerve descends along the right side of the pericardial sac, 
within the fibrous pericardium, anterior to the root of the 
right lung. The pericardiacophrenic vessels accompany it 
through most of its course in the thorax (see Fig. 3.54). It 
leaves the thorax by passing through the diaphragm with 
the inferior vena cava. 


Left phrenic nerve 


The left phrenic nerve enters the superior mediastinum 
in a position similar to the path taken by the right phrenic 
nerve. It lies lateral to the left vagus nerve and lateral and 
slightly posterior to the beginning of the left brachioce- 
phalic vein (see Fig. 3.82), and continues to descend across 
the left lateral surface of the arch of aorta, passing superfi- 
cially to the left vagus nerve and the left superior intercos- 
tal vein. 

On entering the middle mediastinum, the left phrenic 
nerve follows the left side of the pericardial sac, within the 
fibrous pericardium, anterior to the root of the left lung, 
andis accompanied by the pericardiacophrenic vessels (see 
Fig. 3.54). It leaves the thorax by piercing the diaphragm 
near the apex of the heart. 


In the clinic 


The vagus nerves, recurrent laryngeal nerves, 
and hoarseness 

The left recurrent laryngeal nerve is a branch of the left 
vagus nerve. It passes between the pulmonary artery 
and the aorta, a region known clinically as the 
aortopulmonary window and may be compressed in 
any patient with a pathological mass in this region. This 
compression results in vocal cord paralysis and 
hoarseness of the voice. Lymph node enlargement, 
often associated with the spread of lung cancer, is a 
common condition that may produce compression. 
Chest radiography is therefore usually carried out for all 
patients whose symptoms include a hoarse voice. 

More superiorly, the right vagus nerve gives off the 
right recurrent laryngeal nerve which “hooks” around 
the right subclavian artery at the superior sulcus of the 
right lung. If a patient has a hoarse voice and a right 
vocal cord palsy is demonstrated at laryngoscopy, chest 
radiography with an apical lordotic view should be 
obtained to assess for cancer in the right lung apex 
(Pancoast’s tumor). 


Thoracic duct in the 
superior mediastinum 


The thoracic duct, which is the major lymphatic vessel 
in the body, passes through the posterior portion of the 
superior mediastinum (see Figs. 3.79 and 3.84). It: 


= enters the superior mediastinum inferiorly, slightly to 
the left of the midline, having moved to this position just 
before leaving the posterior mediastinum opposite ver- 
tebral level TIV/V; and 

= continues through the superior mediastinum, posterior 
to the arch of aorta, and the initial portion of the left 
subclavian artery, between the esophagus and the left 
mediastinal part of the parietal pleura. 


Posterior mediastinum 


The posterior mediastinum is posterior to the pericar- 
dial sac and diaphragm and anterior to the bodies of the 
mid and lower thoracic vertebrae (see Fig. 3.52). 


= Itssuperior boundary is a transverse plane passing from 
the sternal angle to the intervertebral disc between ver- 
tebrae TIV and TV. 

= Its inferior boundary is the diaphragm. 

= Laterally, it is bordered by the mediastinal part of pari- 
etal pleura on either side. 

= Superiorly, it is 
mediastinum. 


continuous with the superior 


Major structures in the posterior mediastinum include 
the: 


esophagus and its associated nerve plexus; 
thoracic aorta and its branches; 

azygos system of veins; 

thoracic duct and associated lymph nodes; 
sympathetic trunks; and 

thoracic splanchnic nerves. 


Esophagus 


The esophagus is a muscular tube passing between the 
pharynx in the neck and the stomach in the abdomen. It 
begins at the inferior border of the cricoid cartilage, oppo- 
site vertebra CVI, and ends at the cardiac opening of the 
stomach, opposite vertebra TXI. 

The esophagus descends on the anterior aspect of the 
bodies of the vertebrae, generally in a midline position as 
it moves through the thorax (Fig. 3.89). As it approaches 


the diaphragm, it moves anteriorly and to the left, crossing 
from the right side of the thoracic aorta to eventually 
assume a position anterior to it. It then passes through the 
esophageal hiatus, an opening in the muscular part of the 
diaphragm, at vertebral level TX. 

The esophagus has a slight anterior-to-posterior curva- 
ture that parallels the thoracic portion of the vertebral 
column, and is secured superiorly by its attachment to the 
pharynx and attachment to the 
diaphragm. 


inferiorly by its 


Relationships to important structures in 
the posterior mediastinum 


In the posterior mediastinum, the esophagus is related to 
a number of important structures. The right side is covered 
by the mediastinal part of the parietal pleura. 

Posterior to the esophagus, the thoracic duct is on the 
right side inferiorly, but crosses to the left more superiorly. 
Also on the left side of the esophagus is the thoracic 
aorta. 

Anterior to the esophagus, below the level of the tra- 
cheal bifurcation, are the right pulmonary artery and the 
left main bronchus. The esophagus then passes immedi- 
ately posteriorly to the left atrium, separated from it only 
by pericardium. Inferior to the left atrium, the esophagus 
is related to the diaphragm. 

Structures other than the thoracic duct posterior to the 
esophagus include portions of the hemiazygos veins, the 
right posterior intercostal vessels, and, near the diaphragm, 
the thoracic aorta. 

The esophagus is a flexible, muscular tube that can be 
compressed or narrowed by surrounding structures at four 
locations (Fig. 3.90): 


= the junction of the esophagus with the pharynx in the 
neck; 

= in the superior mediastinum where the esophagus is 
crossed by the arch of aorta; 

= in the posterior mediastinum where the esophagus is 
compressed by the left main bronchus; 

= in the posterior mediastinum at the esophageal hiatus 
in the diaphragm. 


These constrictions have important clinical conse- 
quences. For example, a swallowed object is most likely to 
lodge at a constricted area. An ingested corrosive sub- 
stance would move more slowly through a narrowed 
region, causing more damage at this site than elsewhere 
along the esophagus. Also, constrictions present problems 
during the passage of instruments. 
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Fig. 3.89 Esophagus. 


Arterial supply and venous and 
lymphatic drainage 

The arterial supply and venous drainage of the esophagus 
in the posterior mediastinum involves many vessels. 
Esophageal arteries arise from the thoracic aorta, bron- 
chial arteries, and ascending branches of the left gastric 
artery in the abdomen. 

Venous drainage involves small vessels returning to the 
azygos vein, hemiazygos vein, and esophageal branches to 
the left gastric vein in the abdomen. 

Lymphatic drainage of the esophagus in the posterior 
mediastinum returns to posterior mediastinal and left 
gastric nodes. 
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Innervation 


Innervation of the esophagus, in general, is complex. 
Esophageal branches arise from the vagus nerves and sym- 
pathetic trunks. 

Striated muscle fibers in the superior portion of the 
esophagus originate from the branchial arches and are 
innervated by branchial efferents from the vagus nerves. 

Smooth muscle fibers are innervated by components 
of the parasympathetic part of the autonomic division of 
the peripheral nervous system, visceral efferents from the 
vagus nerves. These are preganglionic fibers that synapse 
in the myenteric and submucosal plexuses of the enteric 
nervous system in the esophageal wall. 
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Fig. 3.90 Sites of normal esophageal constrictions. 


Sensory innervation of the esophagus involves visceral 
afferent fibers originating in the vagus nerves, sympathetic 
trunks, and splanchnic nerves. 

The visceral afferents from the vagus nerves are involved 
in relaying information back to the central nervous system 
about normal physiological processes and reflex activities. 
They are not involved in the relay of pain recognition. 

The visceral afferents that pass through the sympathetic 
trunks and the splanchnic nerves are the primary partici- 
pants in detection of esophageal pain and transmission of 
this information to various levels of the central nervous 
system. 


Esophageal plexus 


After passing posteriorly to the root of the lungs, the right 
and left vagus nerves approach the esophagus. As they 
reach the esophagus, each nerve divides into several 
branches that spread over this structure, forming the 
esophageal plexus (Fig. 3.91). There is some mixing of 
fibers from the two vagus nerves as the plexus continues 
inferiorly on the esophagus toward the diaphragm. Just 
above the diaphragm, fibers of the plexus converge to form 
two trunks: 





= the anterior vagal trunk on the anterior surface of 


the esophagus, mainly from fibers originally in the left 
vagus nerve; 


= the posterior vagal trunk on the posterior surface of 


the esophagus, mainly from fibers originally in the right 
vagus nerve. 


The vagal trunks continue on the surface of the eso- 


phagus as it passes through the diaphragm into the 
abdomen. 


In the clinic 


Esophageal cancer 

When patients present with esophageal cancer, it is 
important to note which portion of the esophagus 
contains the tumor because tumor location determines 
the sites to which the disease will spread. 

Esophageal cancer spreads quickly to lymphatics, 
draining to lymph nodes in the neck and around the 
celiac artery. Endoscopy or barium swallow is used to 
assess the site. CT and MRI may be necessary to stage 
the disease. 

Once the extent of the disease has been assessed, 
treatment can be planned. 


In the clinic 


Esophageal rupture 
The first case of esophageal rupture was described by 
Herman Boerhaave in 1724. This case was fatal, but 
early diagnosis has increased the survival rate up to 
65%. If the disease is left untreated, mortality is 100%. 

Typically, the rupture occurs in the lower third of the 
esophagus with a sudden rise in intraluminal 
esophageal pressure produced by vomiting secondary 
to an uncoordination and failure of the cricopharyngeus 
muscle to relax. Because the tears typically occur on the 
left, they are often associated with a large left pleural 
effusion that contains the gastric contents. In some 
patients, subcutaneous emphysema may be 
demonstrated. 

Treatment is optimal with urgent surgical repair. 


Thoracic aorta 


The thoracic portion of the descending aorta (thoracic 
aorta) begins at the lower edge of vertebra TIV, where it 
is continuous with the arch of aorta. It ends anterior tothe 21/7 
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Fig. 3.91 Esophageal plexus. 


lower edge of vertebrae TXII, where it passes through 
the aortic hiatus posterior to the diaphragm. Situated 
to the left of the vertebral column superiorly, it approaches 
the midline inferiorly, lying directly anterior to the lower 
thoracic vertebral bodies (Fig. 3.92). Throughout its 
course, it gives off a number of branches, which are sum- 
marized in Table 3.3. 


Azygos system of veins 


The azygos system of veins consists of a series of longitudi- 
nal vessels on each side of the body that drain blood from 
the body wall and move it superiorly to empty into the 
superior vena cava. Blood from some of the thoracic viscera 
may also enter the system, and there are anastomotic con- 
nections with abdominal veins. 

The longitudinal vessels may or may not be continuous 
and are connected to each other from side to side at various 
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Fig. 3.92 Thoracic aorta and branches. 


The azygos system of veins serves as an important anas- 
tomotic pathway capable of returning venous blood from 
the lower part of the body to the heart if the inferior vena 
cava is blocked. 

The major veins in the system are: 


the azygos vein, on the right; and 
the hemiazygos vein and the accessory hemiazygos 
vein, on the left. 


There is significant variation in the origin, course, tribu- 
taries, anastomoses, and termination of these vessels. 


Azygos vein 


The azygos vein arises opposite vertebra LI or LII at the 
junction between the right ascending lumbar vein and 
the right subcostal vein (Fig. 3.93). It may also arise as 
a direct branch of the inferior vena cava, which is joined 
by a common trunk from the junction of the right ascend- 
ing lumbar vein and the right subcostal vein. 





Table 3.3 Branches of the thoracic aorta 


Branches Origin and course 
Pericardial branches A few small vessels to the posterior surface of the pericardial sac 
Bronchial branches Vary in number, size, and origin—usually, two left bronchial arteries from the thoracic aorta and one right 


bronchial artery from the third posterior intercostal artery or the superior left bronchial artery 


Esophageal branches Four or five vessels from the anterior aspect of the thoracic aorta, which form a continuous anastomotic 
chain—anastomotic connections include esophageal branches of the inferior thyroid artery superiorly, and 
esophageal branches of the left inferior phrenic and the left gastric arteries inferiorly 


Mediastinal branches Several small branches supplying lymph nodes, vessels, nerves, and areolar tissue in the posterior mediastinum 


Posterior intercostal arteries Usually nine pairs of vessels branching from the posterior surface of the thoracic aorta—usually supply lower 
nine intercostal spaces (first two spaces are supplied by the supreme intercostal artery—a branch of the 
costocervical trunk) 


Superior phrenic arteries Small vessels from the lower part of the thoracic aorta supplying the posterior part of the superior surface of 
the diaphragm—they anastomose with the musculophrenic and pericardiacophrenic arteries 


Subcostal artery The lowest pair of branches from the thoracic aorta located inferior to rib XIl 
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Fig. 3.93 Azygos system of veins. 
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The azygos vein enters the thorax through the aortic 
hiatus of the diaphragm, or it enters through or posterior 
to the right crus of the diaphragm. It ascends through the 
posterior mediastinum, usually to the right of the thoracic 
duct. At approximately vertebral level TIV, it arches anteri- 
orly, over the root of the right lung, to join the superior vena 
cava before the superior vena cava enters the pericardial 
sac. 

Tributaries of the azygos vein include: 


the right superior intercostal vein (a single vessel 
formed by the junction of the second, third, and fourth 
intercostal veins); 

fifth to eleventh right posterior intercostal veins; 

the hemiazygos vein; 

the accessory hemiazygos vein; 

esophageal veins; 

mediastinal veins; 

pericardial veins; and 

right bronchial veins. 


Hemiazygos vein 


The hemiazygos vein (inferior hemiazygos vein) 
usually arises at the junction between the left ascending 
lumbar vein and the left subcostal vein (Fig. 3.93). It 
may also arise from either of these veins alone and often 
has a connection to the left renal vein. 

The hemiazygos vein usually enters the thorax through 
the left crus of the diaphragm, but may enter through the 
aortic hiatus. It ascends through the posterior mediasti- 
num, on the left side, to approximately vertebral level TIX. 
At this point, it crosses the vertebral column, posterior to 
the thoracic aorta, esophagus, and thoracic duct, to enter 
the azygos vein. 

Tributaries joining the hemiazygos vein include: 


the lowest four or five left posterior intercostal veins; 
esophageal veins; and 
mediastinal veins. 


Accessory hemiazygos vein 


The accessory hemiazygos vein (superior hemiazygos 
vein) descends on the left side from the superior portion 
of the posterior mediastinum to approximately vertebral 
level TVIII (Fig. 3.93). At this point, it crosses the vertebral 
column to join the azygos vein, or ends in the hemiazygos 
vein, or has a connection to both veins. Usually, it also has 
a connection superiorly to the left superior intercostal 
vein. 

Vessels that drain into the accessory hemiazygos vein 
include: 


the fourth to eighth left posterior intercostal veins; 
and 
sometimes, the left bronchial veins. 


Thoracic duct in the 
posterior mediastinum 


The thoracic duct is the principal channel through which 
lymph from most of the body is returned to the venous 
system. It begins as a confluence of lymph trunks in the 
abdomen, sometimes forming a saccular dilation referred 
to as the cisterna chyli (chyle cistern), which drains the 
abdominal viscera and walls, pelvis, perineum, and lower 
limbs. 

The thoracic duct extends from vertebra LII to the root 
of the neck. 

Entering the thorax, posterior to the aorta, through the 
aortic hiatus of the diaphragm, the thoracic duct ascends 
through the posterior mediastinum to the right of midline 
between the thoracic aorta on the left and the azygos vein 
on the right (Fig. 3.94). It lies posterior to the diaphragm 
and the esophagus and anterior to the bodies of the 
vertebra. 

At vertebral level TV, the thoracic duct moves to the 
left of midline and enters the superior mediastinum. It con- 
tinues through the superior mediastinum and into the 
neck. 
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Fig. 3.94 Thoracic duct. 


After being joined, in most cases, by the left = upper intercostal lymph trunks draining the upper left 
jugular trunk, which drains the left side of the head five or six intercostal spaces; 
and neck, and the left subclavian trunk, which drains = ducts from posterior mediastinal nodes; and 
the left upper limb, the thoracic duct empties into the = ducts from posterior diaphragmatic nodes. 
junction of the left subclavian and left internal jugular 


eine Sympathetic trunks 
The thoracic duct usually receives the contents from: The sympathetic trunks are an important component of 
the sympathetic part of the autonomic division of the 
= the confluence of lymph trunks in the abdomen; peripheral nervous system and are usually considered a 


= descending thoracic lymph trunks draining the lower component of the posterior mediastinum as they pass 
six or seven intercostal spaces on both sides; through the thorax. 221 
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Fig. 3.95 Thoracic portion of sympathetic trunks. 


This portion of the sympathetic trunks consists of two 
parallel cords punctuated by 11 or 12 ganglia (Fig. 3.95). 
The ganglia are connected to adjacent thoracic spinal 
nerves by white and gray rami communicantes and are 
numbered according to the thoracic spinal nerve with 
which they are associated. 

In the superior portion of the posterior mediastinum, 
the trunks are anterior to the neck of the ribs. Inferiorly, 
they become more medial in position until they lie on the 
lateral aspect of the vertebral bodies. The sympathetic 
trunks leave the thorax by passing posterior to diaphragm 


Greater splanchnic 
nerve 


Lesser splanchnic 
nerve 


Least splanchnic 
nerve 


under the medial arcuate ligament or through the crura of 
the diaphragm. Throughout their course the trunks are 
covered by parietal pleura. 


Branches from the ganglia 


Two types of medial branches are given off by the 
ganglia: 


= the first type includes branches from the upper five 
ganglia; 


= the second type includes branches from the lower seven 
ganglia. 


The first type, which includes branches from the upper 
five ganglia, consists mainly of postganglionic sympathetic 
fibers, which supply the various thoracic viscera. These 
branches are relatively small, and also contain visceral 
afferent fibers. 

The second type, which includes branches from the 
lower seven ganglia, consists mainly of preganglionic sym- 
pathetic fibers, which supply the various abdominal and 
pelvic viscera. These branches are large, also carry visceral 
afferent fibers, and form the three thoracic splanchnic 
nerves referred to as the greater, lesser, and least splanch- 
nic nerves (Fig. 3.95). 


= The greater splanchnic nerve on each side usually 
arises from the fifth to ninth or tenth thoracic ganglia. It 
descends across the vertebral bodies moving in a medial 
direction, passes into the abdomen through the crus of 
the diaphragm, and ends in the celiac ganglion. 

= The lesser splanchnic nerve usually arises from the 
ninth and tenth, or tenth and eleventh thoracic ganglia. 
It descends across the vertebral bodies moving in a 
medial direction, and passes into the abdomen through 
the crus of the diaphragm to end in the aorticorenal 
ganglion. 


= The least splanchnic nerve (lowest splanchnic 
nerve) usually arises from the twelfth thoracic gan- 
glion. It descends and passes into the abdomen 
through the crus of the diaphragm to end in the renal 
plexus. 


Anterior mediastinum 


The anterior mediastinum is posterior to the body of 
the sternum and anterior to the pericardial sac (see Fig. 
3:52); 


= Its superior boundary is a transverse plane passing 
from the sternal angle to the intervertebral disc between 
vertebra TIV and TV, separating it from the superior 
mediastinum. 
Its inferior boundary is the diaphragm. 
Laterally, it is bordered by the mediastinal part of pari- 
etal pleura on either side. 


The major structure in the anterior mediastinum is a 
portion of thymus, described previously (see Fig. 3.80). 
Also present are fat, connective tissue, lymph nodes, 
mediastinal branches of the internal thoracic vessels, and 
sternopericardial ligaments, which pass from the posterior 
surface of the body of the sternum to the fibrous 
pericardium. 
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Thorax 


Surface anatomy 


Thorax surface anatomy 


The ability to visualize how anatomical structures in the 
thorax are related to surface features is fundamental to a 
physical examination. Figs. 3.96 and 3.97 have been ren- 
dered to show landmarks on the body’s surface that can be 
used to locate deep structures and to assess function by 
auscultation and percussion. 


How to count ribs 


Knowing how to count ribs is important because different 
ribs provide palpable landmarks for the positions of deeper 
structures. To determine the location of specific ribs, palpate 
the jugular notch at the superior extent of the manu- 
brium of the sternum. Move down the sternum until a 
ridge is felt. This ridge is the sternal angle, which identi- 





Fig. 3.96 Anterior chest wall. A. In a woman. B. In a man. 





Fig. 3.97 Posterior chest wall. A. In a woman. B. In a man. 


fies the articulation between the manubrium of sternum 
and the body of sternum. The costal cartilage of rib IT artic- 
ulates with the sternum at this location. Identify rib II. 
Then continue counting the ribs, moving in a downward 
and lateral direction (Fig. 3.98). 
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Surface anatomy of the breast 
in women 


Although breasts vary in size, they are normally positioned 
on the thoracic wall between ribs II and VI and overlie the 
pectoralis major muscles. Each mammary gland extends 
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Fig. 3.98 Anterior view of chest wall with the locations of skeletal structures shown. A. In women. The location of the nipple relative to a 
specific intercostal space varies depending on the size of the breasts, which may not be symmetric. B. In men. Note the location of the 


nipple in the fourth intercostal space. 
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superolaterally around the lower margin of the pectoralis 
major muscle and enters the axilla (Fig. 3.99). This portion 
of the gland is the axillary tail or axillary process. The posi- 
tions of the nipple and areola vary relative to the chest wall 
depending on breast size. 


Visualizing structures at the 
TIV/V vertebral level 


The TIV/V vertebral level is a transverse plane that passes 
through the sternal angle on the anterior chest wall and 
the intervertebral disc between TIV and TV vertebrae pos- 
teriorly. This plane can easily be located, because the joint 
between the manubrium of sternum and the body of 
sternum forms a distinct bony protuberance that can be 
palpated. At the TIV/V level (Fig. 3.100): 


= the costal cartilage of rib II articulates with the 
sternum; 

= the superior mediastinum is separated from the inferior 
mediastinum; 
the ascending aorta ends and the arch of aorta begins; 
the arch of aorta ends and the thoracic aorta begins; 
the trachea bifurcates. 


TIV/V vertebral level 





Areola Nipple 





Axillary process 


Fig. 3.99 A. Close-up view of nipple and surrounding areola of 
the breast. B. Lateral view of the chest wall of a woman showing 
the axillary process of the breast. 


Fig. 3.100 Anterior view of 
the chest wall of a man 
showing the locations of 
various structures related 
to the TIV/V level. 


Visualizing structures in the 
superior mediastinum 


A number of structures in the superior mediastinum in 
adults can be visualized based on their positions relative to 
skeletal landmarks that can be palpated through the skin 
(Fig. 3.101). 





= The arch of aorta begins and ends at the transverse 
plane between the sternal angle anteriorly and 
vertebral level TIV/V_ posteriorly. The arch may 
reach as high as the midlevel of the manubrium of 
sternum. 


Visualizing the margins of 
On each side, the internal jugular and subclavian 


veins join to form the brachiocephalic veins behind the the heart 
sternal ends of the clavicles near the sternoclavicular Surface landmarks can be palpated to visualize the outline 


joints. of the heart (Fig. 3.102). 
The left brachiocephalic vein crosses from left to right 
behind the manubrium of sternum. = The upper limit of the heart reaches as high as the 


The brachiocephalic veins unite to form the superior 
vena cava behind the lower border of the costal carti- 
lage of the right first rib. 
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third costal cartilage on the right side of the sternum 
and the second intercostal space on the left side of the 
sternum. 
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Fig. 3.101 Anterior view of the chest wall of a man showing the locations of different structures in the superior mediastinum as they relate 


to the skeleton. 





228 


Thorax 







Third costal cartilage 


Sixth costal cartilage 


Second intercostal space 


Fifth intercostal space 


Midclavicular line 


Fig. 3.102 Anterior view of the chest wall of a man showing skeletal structures and the surface projection of the heart. 


= The right margin of the heart extends from the right 
third costal cartilage to near the right sixth costal 
cartilage. 

= The left margin of the heart descends laterally from the 
second intercostal space to the apex located near the 
midclavicular line in the fifth intercostal space. 

= The lower margin of the heart extends from the sternal 
end of the right sixth costal cartilage to the apex in the 
fifth intercostal space near the midclavicular line. 


Where to listen for heart sounds 


To listen for valve sounds, position the stethoscope down- 
stream from the flow of blood through the valves (Fig. 
3.103). 


= The tricuspid valve is heard just to the left of the lower 
part of the sternum near the fifth intercostal space. 


= The mitral valve is heard over the apex of the heart in 
the left fifth intercostal space at the midclavicular line. 

= The pulmonary valve is heard over the medial end of 
the left second intercostal space. 

= The aortic valve is heard over the medial end of the 
right second intercostal space. 


Visualizing the pleural cavities 
and lungs, pleural recesses, and 
lung lobes and fissures 


Palpable surface landmarks can be used to visualize the 
normal outlines of the pleural cavities and the lungs and 
to determine the positions of the pulmonary lobes and 
fissures. 

Superiorly, the parietal pleura projects above the first 
costal cartilage. Anteriorly, the costal pleura approaches 
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Fig. 3.103 Anterior view of the chest wall of a man showing skeletal structures, heart, location of the heart valves, and auscultation points. 


the midline posterior to the upper portion of the sternum. 
Posterior to the lower portion of the sternum, the left pari- 
etal pleura does not come as close to the midline as it does 
on the right side. This is because the heart bulges onto the 
left side (Fig. 3.104A). 

Inferiorly, the pleura reflects onto the diaphragm above 
the costal margin and courses around the thoracic wall 
following an VII, X, XII contour (i.e., rib VIII in the mid- 
clavicular line, rib X in the midaxillary line, and vertebra 
TXII posteriorly). 

The lungs do not completely fill the area surrounded by 
the pleural cavities, particularly anteriorly and inferiorly. 


= Costomediastinal recesses occur anteriorly, particularly 
on the left side in relationship to the heart bulge. 

= Costodiaphragmatic recesses occur inferiorly between 
the lower lung margin and the lower margin of the 
pleural cavity. 


In quiet respiration, the inferior margin of the lungs 
travels around the thoracic wall following a VI, VII, X 
contour (i.e., rib VI in the midclavicular line, rib VIII in the 
midaxillary line, and vertebra TX posteriorly). 

In the posterior view, the oblique fissure on both sides is 
located in the midline near the spine of vertebra TIV (Figs. 
3.104B and 3.105A). It moves laterally in a downward 
direction, crossing the fourth and fifth intercostal spaces 
and reaches rib VI laterally. 

In the anterior view, the horizontal fissure on the right 
side follows the contour of rib IV and its costal cartilage and 
the oblique fissures on both sides follow the contour of rib 
VI and its costal cartilage (Fig. 3.105B). 


Where to listen for lung sounds 


The stethoscope placements for listening for lung sounds 
are shown in Fig. 3.106. 
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Fig. 3.104 Views of the chest wall showing the surface projections of the lobes and the fissures of the lungs. A. Anterior view in a woman. 
On the right side, the superior, middle, and inferior lobes are illustrated. On the left side, the superior and inferior lobes are illustrated. 
B. Posterior view in a woman. On both sides, the superior and inferior lobes are illustrated. The middle lobe on the right side is not visible 


in this view. 
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Fig. 3.105 Views of the chest 
wall. A. Posterior view ina 
woman with arms abducted and 
hands positioned behind her 
head. On both sides, the superior 
and inferior lobes of the lungs 
are illustrated. When the scapula 
is rotated into this position, the 
medial border of the scapula 
parallels the position of the 
oblique fissure and can be used 
as a guide for determining the 
surface projection of the 
superior and inferior lobes of the 
lungs. B. Lateral view in a man 
with his right arm abducted. The 
superior, middle, and inferior 
lobes of the right lung are 
illustrated. The oblique fissure 
begins posteriorly at the level of 
the spine of vertebra TIV, passes 
inferiorly crossing rib IV, the 
fourth intercostal space, and rib 
V. It crosses the fifth intercostal 
space at the midaxillary line and 
continues anteriorly along the 
contour of rib VI. The horizontal 
fissure crosses rib V in the 
midaxillary space and continues 
anteriorly, crossing the fourth 
intercostal space and following 
the contour of rib IV and its 
costal cartilage to the sternum. 





231 






































Apex of right lung Superior lobe of right lung 
























































Inferior lobe of right lung 





















































Superior lobe of left lung 





























Inferior lobe of left lung 


Fig. 3.106 Views of the chest wall of a man with stethoscope placements for listening to the lobes of the lungs. A. Anterior views. 
B. Posterior views. 
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Clinical cases 


Case 1 


CERVICAL RIB Cervical ribs may produce three distinct disease entities: 

a Arterial compression and embolization—the rib (or 
band) on the undersurface of the distal portion of 
the subclavian artery reduces the diameter of the 
vessel and allows eddy currents to form. Platelets 
aggregate and atheroma may develop in this 


A young man has black areas of skin on the tips of 
his fingers of his left hand. A clinical diagnosis of 
platelet emboli was made and a source of the 
emboli sought. 


Emboli can arise from many sources. They are clots and region. This debris can be dislodged and flow 
plugs of tissue, usually platelets, that are carried from a distally within the upper limb vessels to block off 
source to eventually reside in small vessels which they blood flow to the fingers and the hand, a condition 
may occlude. Arterial emboli may arise anywhere from the called distal embolization. 

left side of the heart and the arteries to the organ affected. = Compression of T1 nerve—the T1 nerve, which 
Valve disease secondary to rheumatic fever makes the normally passes over rib I, is also elevated, thus the 
mitral and aortic valve more susceptible to infection. This patient may experience a sensory disturbance over 
condition is known as infective endocarditis. In cases of the medial aspect of the forearm, and develop 
infected emboli, bacteria grow on the valve and are wasting of the intrinsic muscles of the hand. 
showered off into the peripheral circulation. = Compression of the subclavian vein—this may 


l induce axillary vein thrombosis. 
A plain neck radiograph demonstrates a cervical rib 


(Fig. 3.107). A Doppler ultrasound scan revealed marked stenosis 
of the subclavian artery at the outer border of the rib 
with abnormal flow distal to the narrowing. Within this 
region of abnormal flow there was evidence of 
thrombus adherent to the vessel wall. 


Cervical ribs 


This patient underwent surgical excision of the cervical 
rib and had no further symptoms. 





Fig. 3.107 Neck radiograph demonstrating bilateral cervical 
ribs. 
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Case 2 


LUNG CANCER 


A 52-year-old man presented with headaches and 
shortness of breath. He also complained of 
coughing up small volumes of blood. Clinical 
examination revealed multiple dilated veins 
around the neck. A chest radiograph demonstrated 
an elevated diaphragm on the right and a tumor 
mass, which was believed to be a primary 
bronchogenic carcinoma. 


By observing the clinical findings and applying 
anatomical knowledge, the site of the tumor can be 
inferred. 


Case 3 
CHEST WOUND 


A 35-year-old man was shot during an armed 
robbery. The bullet entry wound was in the right 
fourth intercostal space, above the nipple. A chest 
radiograph obtained on admission to the 
emergency room demonstrated complete collapse 
of the lung. 


A further chest radiograph performed 20 minutes 
later demonstrated an air/fluid level in the pleural 
cavity (Fig. 3.108). 


Three common pathological processes may occur in the 
pleural cavity. 
= /f air is introduced into the pleural cavity, a 
pneumothorax develops and the lung collapses 
because of its own elastic recoil. The pleural space 
fills with air, which may further compress the lung. 
Most patients with a collapsed lung are unlikely to 
have respiratory impairment. Under certain 
conditions, air may enter the pleural cavity at such 
a rate that it shifts and pushes the mediastinum to 
the opposite side of the chest. This is called tension 
pneumothorax and is potentially lethal, requiring 
urgent treatment by insertion of an intercostal tube 
to remove the air. The commonest causes of 
pneumothorax are rib fractures and positive 
pressure ventilation lung damage. 
a The pleural cavity may fill with fluid (a pleural 
effusion) and this can be associated with many 
diseases (e.g., lung infection, cancer, abdominal 


The multiple dilated veins around the neck are indicative 
of venous obstruction. The veins are dilated on both 

sides of the neck, implying that the obstruction must be 
within a common vessel, the superior vena cava. Anterior 
to the superior vena cava in the right side of the chest is 
the phrenic nerve, which supplies the diaphragm. 
Because the diaphragm is elevated, suggesting paralysis, 
it is clear that the phrenic nerve has been involved with 
the tumor. 





Fig. 3.108 Chest radiograph demonstrating an air/fluid level 
in the pleural cavity. 


sepsis). It is important to aspirate fluid from these 
patients to relieve any respiratory impairment and 
to carry out laboratory tests on the fluid to 
determine its nature. 

= Severe chest trauma can lead to development of 
hemopneumothorax. A tube must be inserted to 
remove the blood and air that has entered the 
pleural space and prevent respiratory impairment. 


(continued) 


Case 3 (continued) 


This man needs treatment to drain either the air or 
fluid or both. 


The pleural space can be accessed by passing a needle 
between the ribs into the pleural cavity. In a normal 
healthy adult, the pleural space is virtually nonexistent; 
therefore, any attempt to introduce a needle into this 
space is unlikely to succeed and the procedure may 
damage the underlying lung. 


Before any form of chest tube is inserted, the rib must be 
well anesthetized by infiltration because its periosteum is 
extremely sensitive. The intercostal drain should pass 
directly on top of the rib. Insertion adjacent to the lower 
part of the rib may damage the artery, vein, and nerve, 
which lie within the neurovascular bundle. 


Case 4 
MYOCARDIAL INFARCTION 


A 65-year-old man was admitted to the emergency 
room with severe central chest pain that radiated 
to the neck and predominantly to the left arm. He 
was overweight and a known heavy smoker. 


A 
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Appropriate sites for insertion of a chest drain are: 
a in the midaxillary line in the fifth intercostal 
interspace; and 
a inthe midclavicular line in the second intercostal 
interspace. 


These positions are determined by palpating the sternal 
angle, which is the point of articulation of rib Il. Counting 
inferiorly will determine the rib number and simple 
observation will determine the points of the midaxillary 
and the midclavicular line. Insertion of any tube or needle 
below the level of rib V runs an appreciable risk of 
crossing the pleural recesses and placing the needle or 
the drain into either the liver or the spleen, depending 
upon which side the needle is inserted. 


On examination he appeared gray and sweaty. His 
blood pressure was 74/40 mm Hg (normal range 
120/80 mm Hg). An electrocardiogram (ECG) was 
performed and demonstrated anterior myocardial 
infarction. An urgent echocardiograph demonstrated a 
poor left ventricular function. The cardiac angiogram 
revealed an occluded vessel (Fig. 3.109A and 3.109B). 











a p u 


Fig. 3.109 A. Normal left coronary artery angiogram. B. Left coronary artery angiogram showing decreased flow due to blockages. 
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This patient underwent an emergency coronary artery 
bypass graft and made an excellent recovery. He has 
now lost weight, stopped smoking, and exercises 
regularly. 


When cardiac cells die during a myocardial infarction, 
pain fibers (visceral afferents) are stimulated. These 
visceral sensory fibers follow the course of sympathetic 
Pain interpreted as fibers that innervate the heart and enter the spinal cord 
originating in distribution between TI and TIV levels. At this level, somatic afferent 
of somatic sensory nerves : ' 

nerves from spinal nerves T1 to T4 also enter the spinal 
cord via the posterior roots. Both types of afferents 
(visceral and somatic) synapse with interneurons, which 
then synapse with second neurons whose fibers pass 
across the cord and then ascend to the somatosensory 
areas of the brain that represent the T1 to T4 levels. The 
brain is unable to distinguish clearly between the visceral 
sensory distribution and the somatic sensory distribution 
and therefore the pain is interpreted as arising from the 
somatic regions rather than the visceral organ (i.e., the 
heart; Fig. 3.109C). 





Visceral 
sensory nerve 











The patient was breathless because his left ventricular 
function was poor. 





Somatic 
sensory nerve 


When the left ventricle fails, it produces two effects. 
o a First, the contractile force is reduced. This reduces 








the pressure of the ejected blood and lowers the 
blood pressure. 

= The left atrium has to work harder to fill the failing 
left ventricle. This extra work increases left atrial 
pressure, which is reflected in an increased pressure 
in the pulmonary veins, and this subsequently 
creates a higher pulmonary venular pressure. This 
rise in pressure will cause fluid to leak from the 
capillaries into the pulmonary interstitium and then 
into the alveoli. Such fluid is called pulmonary 
edema and it markedly restricts gas exchange. This 
results in shortness of breath. 


Patient perceives 
diffuse pain in 
T1-4 dermatomes 


This man had a blocked left coronary artery, as shown 
Fig. 3.109, cont’d C. Mechanism for perceiving heart pain in TI- in Fig. 3.109B. 


4 dermatomes. 


(continued) 


236 


Case 4 (continued) 


It is important to know which coronary artery is blocked. 
a The left coronary artery supplies the majority of the 
left side of the heart. The left main stem vessel is 

approximately 2 cm long and divides into the 
circumflex artery, which lies between the atrium 
and the ventricle in the coronary sulcus, and the 
anterior interventricular artery, which is often 
referred to as the left anterior descending artery 
(LAD). 

= When the right coronary artery is involved with 
arterial disease and occludes, associated disorders 
of cardiac rhythm often result because the sinu- 
atrial and the atrioventricular nodes derive their 
blood supplies predominantly from the right 
coronary artery. 


When this patient sought medical care, his myocardial 
function was assessed using ECG, echocardiography, 
and angiography. 


During a patient's initial examination, the physician will 
usually assess myocardial function. 


After obtaining a clinical history and carrying out a 
physical examination, a differential diagnosis for the 
cause of the malfunctioning heart is made. Objective 
assessment of myocardial and valve function is obtained 
in the following ways: 
=» ECG/EKG (electrocardiography)—a series of 
electrical traces taken around the long and short 
axes of the heart that reveal heart rate and rhythm 
and conduction defects. In addition, it demonstrates 
the overall function of the right and left sides of the 
heart and points of dysfunction. Specific changes in 
the ECG relate to the areas of the heart that have 
been involved in a myocardial infarction. For 
example, a right coronary artery occlusion produces 
infarction in the area of myocardium it supplies, 
which is predominantly the inferior aspect; the 
infarct is therefore called an inferior myocardial 
infarction. The ECG changes are demonstrated in 
the leads that visualize the inferior aspect of the 
myocardium (namely, leads Il, IIl, and aVF). 
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= Chest radiography—reveals the size of the heart 


and chamber enlargement. Careful observation of 
the lungs will demonstrate excess fluid (pulmonary 
edema), which builds up when the left ventricle fails 
and can produce marked respiratory compromise 
and death unless promptly treated. 

Blood tests—the heart releases enzymes during 
myocardial infarction, namely lactate 
dehydrogenase (LDH), creatine kinase (CK), and 
aspartate transaminase (AST). These plasma 
enzymes are easily measured in the hospital 
laboratory and used to determine the diagnosis at 
an early stage. Further specific enzymes termed 
isoenzymes can also be determined (creatine kinase 
MB isoenzyme [CKMB]). Newer tests include an 
assessment for troponin (a specific component of 
the myocardium), which is released when cardiac 
cells die during myocardial infarction. 

Exercise testing—patients are connected to an 
ECG monitor and exercised on a treadmill. Areas of 
ischemia, or poor blood flow, can be demonstrated, 
so localizing the vascular abnormality. 

Nuclear medicine—thallium (a radioactive X-ray 
emitter) and its derivatives are potassium analogs. 
They are used to determine areas of coronary 
ischemia. If no areas of myocardial uptake are 
demonstrated when these substances are 
administered to a patient the myocardium is dead. 
Coronary angiography—small arterial catheters 
are maneuvered from a femoral artery puncture site 
through the femoral artery and aorta and up to the 
origins of the coronary vessels. X-ray contrast 
medium is then injected to demonstrate the 
coronary vessels and their important branches. If 
there is any narrowing (stenosis), angioplasty may 
be carried out. In angioplasty tiny balloons are 
passed across the narrowed areas and inflated to 
refashion the vessel and so prevent further coronary 
ischemia and myocardial infarction. 
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Thorax 


Case 5 


BROKEN PACEMAKER 


An elderly woman was admitted to the emergency 
room with severe cardiac failure. She had a left- 
sided pacemaker box, which had been inserted for 
a cardiac rhythm disorder (fast atrial fibrillation) 
many years previously. An ECG demonstrated fast 
atrial fibrillation. A chest radiograph showed that 
the wire from the pacemaker had broken under the 
clavicle. 


Anatomical knowledge of this region of the chest 
explains why the wire broke. 


Many patients have cardiac pacemakers. A wire arises 
from the pacemaker, which lies within the subcutaneous 


Case 6 
COARCTATION OF THE AORTA 


A 20-year-old man visited his family doctor 
because he had a cough. A chest radiograph 
demonstrated translucent notches along the 
inferior border of ribs IlI to VI (Fig. 3.110). He was 
referred to a cardiologist and a diagnosis of 
coarctation of the aorta was made. The rib 
notching was caused by dilated collateral 
intercostal arteries. 


Coarctation of the aorta is a narrowing of the aorta distal 
to the left subclavian artery. This narrowing can markedly 
reduce blood flow to the lower body. Many of the vessels 
above the narrowing therefore enlarge due to the 
increased pressure so that blood can reach the aorta 
below the level of the narrowing. Commonly, the internal 
thoracic, superior epigastric, and musculophrenic arteries 
enlarge anteriorly. These arteries supply the anterior 
intercostal arteries, which anastomose with the posterior 
intercostal arteries that allow blood to flow retrogradely 
into the aorta. 


The first and second posterior intercostal vessels are 
supplied from the costocervical trunk, which arises from 
the subclavian artery proximal to the coarctation, so do 
not enlarge and do not induce rib notching. 


tissue over the pectoralis major muscle and travels from 
the pacemaker under the skin to pierce the axillary vein 
just beneath the clavicle, lateral to the subclavius muscle. 
The wire then passes through the subclavian vein, the 
brachiocephalic vein, the superior vena cava, the right 
atrium, and lies on the wall of the right ventricle (where it 
can stimulate the heart to contract). If the wire pierces 
the axillary vein directly adjacent to the subclavius 
muscle, it is possible that after many years of shoulder 
movement the subclavius muscle stresses and breaks the 
wire, causing the pacemaker to fail. Every effort is made 
to place the insertion point of the wire as far laterally as 
feasible within the first part of the axillary vein. 





Fig. 3.110 Chest radiograph demonstrating translucent notches 
along the inferior border of ribs III to VI. 


Case 7 
AORTIC DISSECTION 


A 62-year-old man was admitted to the emergency 
room with severe interscapular pain. His past 
medical history indicates he is otherwise fit and 
well, however it was noted he was 6’ 9” and had 
undergone previous eye surgery for dislocating 
lenses. 


On examination the man was pale, clammy, and 
hypotensive. The pulse in his right groin was weak. 
An ECG demonstrated an inferior myocardial 
infarction. Serum blood tests revealed poor kidney 
function and marked acidosis. 


The patient was transferred to the CT scanner and 
a diagnosis of aortic dissection was made. 


Aortic dissection is an uncommon disorder in which a 
small tear occurs within the aortic wall (Fig. 3.111). The 
aortic wall contains three layers, an intima, a media, and 
an adventitia. A tear in the intima extends into the media 
and peals it away, forming two channels. Usually the 


The true lumen surrounded The false lumen 


by the collapsed intima and media 


The true lumen 


The false lumen 
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blood re-enters the main vessel wall distal to its point of 
entry. 


The myocardial infarction 


Aortic dissection may extend retrogradely to involve 

the coronary sinus of the right coronary artery. 
Unfortunately, in this patient's case the right coronary 
artery became occluded as the dissection passed into the 
origin. In normal individuals the right coronary artery 
supplies the anterior inferior aspect of the myocardium, 
and this is evident as an anterior myocardial infarct on 
an ECG. 


The ischemic left leg 


The two channels within the aorta have extended 
throughout the length of the aorta into the right iliac 
system and to the level of the right femoral artery. 
Although blood flows through these structures it often 
causes reduced blood flow. Hence the reduced blood flow 
into the left lower limb rendering it ischemic. 


The patient became acidotic. 


Collapsed intima and media 









Ascending Thoracic aorta 


aorta 


Return 
point 


Fig. 3.111 A. CT image of aortic dissection. B. Normal aorta (left figure) and an aortic dissection (right figure). The line in the right 


figure indicates the plane of the CT scan shown in A. 
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Case 7 (continued) 


All cells in the body produce acid which is excreted in the 
urine or converted into water with the production of 
carbon dioxide which is removed with ventilation. 
Unfortunately, when organs become extremely ischemic 
they release significant amounts of hydrogen iron. 
Typically this occurs when the gut becomes ischemic and 
with the pattern of dissection the celiac trunk, superior 
mesenteric artery and inferior mesenteric artery can be 
effectively removed from the circulation or blood flow 
within these vessels can be significantly impeded 
rendering the gut ischemic and hence accounting for the 
relatively high hydrogen iron levels. 


Case 8 
PNEUMONIA 


A 35-year-old male patient presented to his family 
practitioner because of recent weight loss (14 Ib 
over the previous 2 months). He also complained of 
a cough with streaks of blood in the sputum 
(hemoptysis) and left-sided chest pain. Recently, he 
noticed significant sweating, especially at night, 
which necessitated changing his sheets. 


On examination the patient had a low-grade 
temperature and was tachypneic (breathing fast). 
There was reduced expansion of the left side of the 
chest. When the chest was percussed it was noted 
that the anterior aspect of the left chest was dull, 
compared to the resonant percussion note of the 
remainder of the chest. Auscultation (listening with 
a stethoscope) revealed decreased breath sounds, 
which were hoarse in nature (bronchial breathing). 


A diagnosis of chest infection was made. 


Chest infection is a common disease. In most patients the 
infection affects the large airways and bronchi. If the 
infection continues, exudates and transudates are 
produced, filling the alveoli and the secondary 
pulmonary lobules. The diffuse patchy nature of this type 
of infection is termed bronchial pneumonia. 


Given the patient’s specific clinical findings, bronchial 
pneumonia was unlikely. 


Kidney ischemia 


Similarly the dissection can impair blood flow to the 
kidneys which decreases their ability to function. 


Treatment 


The patient underwent emergency surgery and survived. 
Interestingly, the height of the patient and the previous 
lens surgery would suggest a diagnosis of Marfan 
syndrome, and a series of blood tests and review of the 
family history revealed this was so. 


From the clinical findings it was clear that the patient 
was likely to have a pneumonia confined to a lobe. 
Because there are only two lobes in the left lung, the likely 
diagnosis was a left upper lobe pneumonia. 


A chest radiograph was obtained (Fig. 3.112). The 
posterior—anterior view of the chest demonstrated an 
area of veil-like opacification throughout the whole of 
the left lung. 





Fig. 3.112 Chest radiograph showing left upper lobe infection. 
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Knowing the position of the oblique fissure, any 
consolidation within the left upper lobe will produce this 
veil-like shadowing. Lateral radiographs are usually not 
necessary, but would demonstrate opacification 
anteriorly and superiorly that ends abruptly at the 
oblique fissure. 


Upper lobe pneumonias are unusual because most 
patients develop gravity dependent infection. Certain 
infections, however, are typical within the middle and 
upper lobes, commonly, tuberculosis (TB) and 
histoplasmosis. 


Case 9 
ESOPHAGEAL CANCER 


A 68-year-old man came to his family physician 
complaining of discomfort when swallowing 
(dysphagia). The physician examined the patient 
and noted since his last visit he had lost 
approximately 18 Ib over 6 months. Routine blood 
tests revealed the patient was anemic and he was 
referred to the gastroenterology unit. A diagnosis 
of esophageal cancer was made and the patient 
underwent a resection, which involved a chest and 
abdominal incision. After 4 years the patient 
remains well though still subject to follow-up. 


The patient underwent a flexible endoscopic examination 
of the esophagus in which a tube is placed through the 
mouth and into the esophagus and a camera is placed 
on the end of the tub. It is also possible to use biopsy 
forceps to obtain small portions of tissue for adequate 
diagnosis. 


The diagnosis of esophageal carcinoma was made 
(squamous cell type) and the patient underwent a 
staging procedure. 


Staging of any malignancy is important, because it 
determines the extent of treatment and allows the 
physician to determine the patient’s prognosis. In this 
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A review of the patient’s history suggested a serious 
and chronic illness and the patient was admitted to 
hospital. 


After admission a bronchoscopy was carried out and 
sputum was aspirated from the left upper lobe bronchus. 
This was cultured in the laboratory and also viewed 
under the microscope and tuberculous bacilli (TB) were 
identified. 


case our patient underwent a CT scan of the chest and 
abdomen, which revealed no significant lymph nodes 
around the lower third esophageal tumor. 


The abdominal scan revealed no evidence of spread to 
the nodes around the celiac trunk and no evidence of 
spread to the liver. 


Bleeding was the cause of the anemia. 


Many tumors of the gastrointestinal system are 
remarkably friable, and with the passage of digested 
material across the tumor, low grade chronic bleeding 
occurs. Over a period of time the patient is rendered 
anemic, which in the first instance is asymptomatic; 
however, it can be diagnosed on routine blood tests. 


Complex surgery is planned. 


The length of the esophagus is approximately 22 cm 
(take a ruler and measure 22 cm—lI suspect this will be 
significantly shorter than you imagine the esophagus to 
be!). Tumor spread can occur through the submucosal 
route and also through locoregional lymph nodes. The 
lymph nodes drain along the arterial supply to the 
esophagus, which is predominantly supplied by the 
inferior thyroid artery, esophageal branches from the 
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Case 9 (continued) 


thoracic aorta, and branches from the left gastric artery. 
The transthoracic esophagectomy procedure involves 
placing the patient supine. A laparotomy is performed to 
assess for any evidence of disease in the abdominal 
cavity. The stomach is mobilized with preservation of the 
right gastric and right gastro-omental arteries. The short 
gastric vessels and left gastric vessels are divided, and a 
pyloromyotomy is also performed. 


The abdominal wound is then closed and the patient 

is then placed in the left lateral position. A right 
posterolateral thoracotomy is performed through the 
fifth intercostal space, and the azygos vein is divided to 
provide full access to the whole length of the esophagus. 
The stomach is delivered through the diaphragmatic 
hiatus. The esophagus is resected and the stomach is 
anastomosed to the cervical esophagus. 


Case 10 
VENOUS ACCESS 


A 45-year-old woman, with a history of breast 
cancer in the left breast, returned to her physician. 
Unfortunately the disease had spread to the 
axillary lymph nodes and bones (bony metastatic 
disease). A surgeon duly resected the primary 
breast tumor with a wide local excision and then 
performed an axillary nodal clearance. The patient 
was then referred to an oncologist for 
chemotherapy. Chemotherapy was delivered 
through a portacath, which is a subcutaneous 
reservoir from which a small catheter passes under 
the skin into the internal jugular vein. The patient 
duly underwent a portacath insertion without 
complication, completed her course of 
chemotherapy and is currently doing well 5 years 
later. 


The portacath was placed on the patient’s right 
anterior chest wall and the line was placed into the 
right internal jugular vein. The left internal jugular vein 
and subcutaneous tissues were not used. The reason 
for not using this site was that the patient had 
previously undergone an axillary dissection on the left, 


The patient made an uneventful recovery. 


Most esophageal cancers are diagnosed relatively late 
and often have lymph node metastatic spread. A 
number of patients will also have a spread of tumor to 
the liver. The overall prognosis for esophageal cancer 
is poor, with approximately a 25%, 5-year survival rate. 


Diagnosing esophageal cancer in its early stages 
before lymph node spread is ideal and can produce a 
curative procedure. 


Our patient went on to have chemotherapy and 
enjoys a good quality of life 4 years after his operation. 


and the lymph nodes and lymphatics were removed. 
Placement of a portacath in this region may produce 
an inflammatory response and may even get infected. 
Unfortunately, because there are no lymphatics to 
drain away infected material and to remove bacteria, 
severe sepsis and life threatening infection may ensue. 


How was it placed? 


The ultrasound shows an axial image across the root 
of the neck on the right demonstrating the right 
common carotid artery and the right internal jugular 
vein. The internal jugular vein is the larger on the two 
structures and generally demonstrates normal 
respiratory variation, compressibility, and a size 
dependence upon the patient’s position (when the 
patient is placed in the head down position, the vein 
fills and makes puncture easy). 


The risks of the procedure 


As with all procedures and operations there is always a 
small risk of complication. These risks are always 
balanced against the potential benefits of the procedure. 
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Placing the needle into the internal jugular vein can be 
performed under ultrasound guidance, which reduces 
the risk of puncturing the common carotid artery. 
Furthermore, by puncturing under direct vision it is less 
likely that the operator will hit the lung apex and pierce 
the superior pleural fascia, which may produce a 
pneumothorax. 


The position of the indwelling catheter 


The catheter is placed through the right internal jugular 
vein and into the right brachiocephalic vein. The tip of 





the catheter is then placed more inferiorly at the junction 
of the right atrium and the superior vena cava. The 
reason for placing the catheter in such a position relates 
to the agents that are infused. Most chemotherapeutic 
agents are severely cytotoxic (kill cells) and enabling 
good mixing with the blood prevents thrombosis and 
vein wall irritation. 
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Conceptual overview 


GENERAL DESCRIPTION 


The abdomen is a roughly cylindrical chamber extending 
from the inferior margin of the thorax to the superior 
margin of the pelvis and the lower limb (Fig. 4.1A). 

The inferior thoracic aperture forms the superior 
opening to the abdomen, and is closed by the diaphragm. 
Inferiorly, the deep abdominal wall is continuous with the 


A 


Diaphragm 


Abdominal wall 


Iliac crest 


Inguinal ligament 


Fig. 4.1 Abdomen. A. Boundaries. 





pelvic wall at the pelvic inlet. Superficially, the inferior 
limit of the abdominal wall is the superior margin of the 
lower limb. 

The chamber enclosed by the abdominal wall contains 
a single large peritoneal cavity, which freely communi- 
cates with the pelvic cavity. 
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Fig. 4.1, cont'd Abdomen. B. Arrangement of abdominal contents. Inferior view. 


Abdominal viscera are either suspended in the perito- FUN CTI O N S 
neal cavity by mesenteries or positioned between the cavity 


and the musculoskeletal wall (Fig. 4.1B). Houses an d p rotects 
Abdominal viscera include: ° ° 
major viscera 


= major elements of the gastrointestinal system—the The abdomen houses major elements of the gastrointesti- 
caudal end of the esophagus, stomach, small and large nal system (Fig. 4.2), the spleen, and parts of the urinary 


intestines, liver, pancreas, and gallbladder; system. 
=m the spleen; Much of the liver, gallbladder, stomach, and spleen, and 
= components of the urinary system—kidneys and parts of the colon are under the domes of the diaphragm, 
ureters; which project superiorly above the costal margin of the 
= the suprarenal glands; and thoracic wall, and as a result these abdominal viscera are 
= major neurovascular structures. protected by the thoracic wall. The superior poles of the 


kidneys are deep to the lower ribs. 
Viscera not under the domes of the diaphragm are sup- 
ported and protected predominantly by the muscular walls 
of the abdomen. 247 
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Fig. 4.2 The abdomen contains and protects the abdominal viscera. 
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Fig. 4.3 The abdomen assists in breathing. 


Breathing 


One of the most important roles of the abdominal wall is to 
assist in breathing: 


= it relaxes during inspiration to accommodate expan- 
sion of the thoracic cavity and the inferior displacement 
of abdominal viscera during contraction of the dia- 
phragm (Fig. 4.3); 

= during expiration, it contracts to assist in elevating 
the domes of the diaphragm, thus reducing thoracic 
volume. 


Material can be expelled from the airway by forced expi- 
ration using the abdominal muscles, as in coughing or 
sneezing. 


Changes in intra-abdominal 
pressure 


Contraction of abdominal wall muscles can dramatically 
increase intra-abdominal pressure when the diaphragm is 
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Fig. 4.4 Increasing intra-abdominal pressure to assist in 
micturition, defecation, and child birth. 


in a fixed position (Fig. 4.4). Air is retained in the lungs by 
closing valves in the larynx in the neck. Increased intra- 
abdominal pressure assists in voiding the contents of the 
bladder and rectum and in giving birth. 249 
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Abdomen 


COMPONENT PARTS 
Wall 


The abdominal wall consists partly of bone but mainly of 
muscle (Fig. 4.5). The skeletal elements of the wall (Fig. 
4.5A) are: 


= the five lumbar vertebrae and their intervening inter- 
vertebral discs; 
the superior expanded parts of the pelvic bones; and 
bony components of the inferior thoracic wall including 
the costal margin, rib XII, the end of rib XI, and the 
xiphoid process. 


Muscles make up the rest of the abdominal wall (Fig. 
4.5B): 
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Fig. 4.5 Abdominal wall. A. Skeletal elements. B. Muscles. 
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= lateral to the vertebral column, the quadratus lumbo- 
rum, psoas major, and iliacus muscles reinforce the 
posterior aspect of the wall. The distal ends of the psoas 
major and iliacus muscles pass into the thigh and are 
major flexors of the hip joint; 

= lateral parts of the abdominal wall are predominantly 
formed by three layers of muscles, which are similar in 
orientation to the intercostal muscles of the thorax— 
transversus abdominis, internal oblique, and external 
oblique; 

= anteriorly, a segmented muscle (the rectus abdominis) 
on each side spans the distance between the inferior 
thoracic wall and the pelvis. 


Structural continuity between posterior, lateral, and 
anterior parts of the abdominal wall is provided by thick 


Quadratus 
lumborum 





Rectus 
abdominis 


lliacus 


Psoas major 


fascia posteriorly and by flat tendinous sheets (aponeuro- 
ses) derived from muscles of the lateral wall. A fascial layer 
of varying thickness separates the abdominal wall from the 
peritoneum, which lines the abdominal cavity. 


Abdominal cavity 


The general organization of the abdominal cavity is one in 
which a central gut tube (gastrointestinal system) is sus- 
pended from the posterior abdominal wall and partly from 
the anterior abdominal wall by thin sheets of tissue (mes- 
enteries; Fig. 4.6): 


= a ventral (anterior) mesentery for proximal regions of 
the gut tube; 

= a dorsal (posterior) mesentery along the entire length 
of the system. 
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Fig. 4.6 The gut tube is suspended by mesenteries. 


Different parts of these two mesenteries are named 
according to the organs they suspend or with which they 
are associated. 

Major viscera, such as the kidneys, that are not sus- 
pended in the abdominal cavity by mesenteries are associ- 
ated with the abdominal wall. 

The abdominal cavity is lined by peritoneum, which 
consists of an epithelial-like single layer of cells (the meso- 
thelium) together with a supportive layer of connective 
tissue. Peritoneum is similar to the pleura and serous peri- 
cardium in the thorax. 

The peritoneum reflects off the abdominal wall to 
become a component of the mesenteries that suspend the 
viscera. 


= Parietal peritoneum lines the abdominal wall. 
= Visceral peritoneum covers suspended organs. 


Normally, elements of the gastrointestinal tract and its 
derivatives completely fill the abdominal cavity, making 
the peritoneal cavity a potential space, and visceral perito- 
neum on organs and parietal peritoneum on the adjacent 
abdominal wall slide freely against one another. 

Abdominal viscera are either intraperitoneal or 
retroperitoneal: 


= intraperitoneal structures, such as elements of the 
gastrointestinal system, are suspended from the abdom- 
inal wall by mesenteries; 

= structures that are not suspended in the abdominal 
cavity by a mesentery and that lie between the parietal 
peritoneum and abdominal wall are retroperitoneal 
in position. 


Retroperitoneal structures include the kidneys and 
ureters, which develop in the region between the perito- 
neum and the abdominal wall and remain in this position 
in the adult. 

During development, some organs, such as parts of the 
small and large intestines, are suspended initially in the 
abdominal cavity by a mesentery, and later become retro- 
peritoneal secondarily by fusing with the abdominal wall 
(Fig. 4.7). 

Large vessels, nerves, and lymphatics are associated 
with the posterior abdominal wall along the median 
axis of the body in the region where, during development, 
the peritoneum reflects off the wall as the dorsal mesen- 
tery, which supports the developing gut tube. As a 
consequence, branches of the neurovascular structures 
that pass to parts of the gastrointestinal system are 
unpaired, originate from the anterior aspects of their parent 
structures, and travel in mesenteries or pass retroperitone- 
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Fig. 4.7 A series showing the progression (A to C) from an intraperitoneal organ to a secondarily retroperitoneal organ. 
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ally in areas where the mesenteries secondarily fuse to the 
wall. 

Generally, vessels, nerves, and lymphatics to the abdom- 
inal wall and to organs that originate as retroperitoneal 
structures branch laterally from the central neurovascular 
structures and are usually paired, one on each side. 


Inferior thoracic aperture 


The superior aperture of the abdomen is the inferior tho- 
racic aperture, which is closed by the diaphragm (see pp. 
126-127). The margin of the inferior thoracic aperture 
consists of vertebra TXII, rib XII, the distal end of rib XI, the 
costal margin, and the xiphoid process of the sternum. 


Diaphragm 
The musculotendinous diaphragm separates the abdomen 
from the thorax. 


Lateral arcuate 
ligament 


Right crus 


Fig. 4.8 Inferior thoracic aperture and the diaphragm. 





The diaphragm attaches to the margin of the inferior 
thoracic aperture, but the attachment is complex posteri- 
orly and extends into the lumbar area of the vertebral 
column (Fig. 4.8). On each side, a muscular extension 
(crus) firmly anchors the diaphragm to the anterolateral 
surface of the vertebral column as far down as vertebra LIII 
on the right and vertebra LII on the left. 

Because the costal margin is not complete posteriorly, 
the diaphragm is anchored to arch-shaped (arcuate) liga- 
ments, which span the distance between available bony 
points and the intervening soft tissues: 


= medial and lateral arcuate ligaments cross muscles 
of the posterior abdominal wall and attach to vertebrae, 
the transverse processes of vertebra LI and rib XII, 
respectively; and 

= a median arcuate ligament crosses the aorta and is 
continuous with the crus on each side. 


Esophageal opening 
Costal margin 


Median arcuate ligament 


Medial arcuate ligament 


Left crus 


Quadratus lumborum 


Psoas major 
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Abdomen 


The posterior attachment of the diaphragm extends 
much farther inferiorly than the anterior attachment. Con- 
sequently, the diaphragm is an important component of 
the posterior abdominal wall, to which a number of viscera 
are related. 


Pelvic inlet 


The abdominal wall is continuous with the pelvic wall at 
the pelvic inlet, and the abdominal cavity is continuous 
with the pelvic cavity. 

The circular margin of the pelvic inlet is formed entirely 
by bone: 


posteriorly by the sacrum; 

anteriorly by the pubic symphysis; 

laterally, on each side, by a distinct bony rim on the 
pelvic bone (Fig. 4.9). 


Because of the way in which the sacrum and attached 
pelvic bones are angled posteriorly on the vertebral column, 
the pelvic cavity is not oriented in the same vertical plane 
as the abdominal cavity. Instead, the pelvic cavity projects 
posteriorly, and the inlet opens anteriorly and somewhat 
superiorly (Fig. 4.10). 


RELATIONSHIP TO 
OTHER REGIONS 


Thorax 


The abdomen is separated from the thorax by the dia- 
phragm. Structures pass between the two regions through 
or posterior to the diaphragm (see Fig. 4.8). 


Pelvis 


The pelvic inlet opens directly into the abdomen and struc- 
tures pass between the abdomen and pelvis through it. 

The peritoneum lining the abdominal cavity is continu- 
ous with the peritoneum in the pelvis. Consequently, the 
abdominal cavity is entirely continuous with the pelvic 
cavity (Fig. 4.11). Infections in one region can therefore 
freely spread into the other. 

The bladder expands superiorly from the pelvic cavity 
into the abdominal cavity and, during pregnancy, the 
uterus expands freely superiorly out of the pelvic cavity 
into the abdominal cavity. 





Pelvic inlet 


Inguinal ligament 


Fig. 4.9 Pelvic inlet. 
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Fig. 4.10 Orientation of abdominal and pelvic cavities. 









Pelvic inlet Shadow of ureter 


Peritoneum 


Rectum 


Shadow of internal 
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Fig. 4.11 The abdominal cavity is continuous with the pelvic cavity. 


Lower lim b = lymphatics; and 
= the distal ends of psoas major and iliacus muscles, 
The abdomen communicates directly with the thigh which flex the thigh at the hip joint. 
through an aperture formed anteriorly between the infe- 
rior margin of the abdominal wall (marked by the inguinal As vessels pass inferior to the inguinal ligament, their 
ligament) and the pelvic bone (Fig. 4.12). Structures that names change—the external iliac artery and vein of the 
pass through this aperture are: abdomen become the femoral artery and vein of the 
thigh. 


= the major artery and vein of the lower limb; 
= the femoral nerve, which innervates the quadriceps 
femoris muscle, which extends the knee; 255 





256 


Abdomen 


Inferior vena cava 










Aorta 


Psoas major 


muscle LIV vertebra 


LV vertebra 
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Fig. 4.12 Structures passing between the abdomen and thigh. 


KEY FEATURES 


Arrangement of abdominal 
viscera in the adult 


A basic knowledge of the development of the gastrointesti- 
nal tract is needed to understand the arrangement of 
viscera and mesenteries in the abdomen (Fig. 4.13). 

The early gastrointestinal tract is oriented longitudi- 
nally in the body cavity and is suspended from surround- 
ing walls by a large dorsal mesentery and a much smaller 
ventral mesentery. 

Superiorly, the dorsal and ventral mesenteries are 
anchored to the diaphragm. 

The primitive gut tube consists of the foregut, the 
midgut, and the hindgut. Massive longitudinal growth of 
the gut tube, rotation of selected parts of the tube, and 
secondary fusion of some viscera and their associated mes- 
enteries to the body wall participate in generating the adult 
arrangement of abdominal organs. 


Development of the foregut 


In abdominal regions, the foregut gives rise to the distal 
end of the esophagus, the stomach, and the proximal part 
of the duodenum. The foregut is the only part of the gut 
tube suspended from the wall by both the ventral and 
dorsal mesenteries. 

A diverticulum from the anterior aspect of the foregut 
grows into the ventral mesentery, giving rise to the liver 
and gallbladder, and, ultimately, to the ventral part of the 
pancreas. 

The dorsal part of the pancreas develops from an out- 
growth of the foregut into the dorsal mesentery. The spleen 
develops in the dorsal mesentery in the region between the 
body wall and presumptive stomach. 

In the foregut, the developing stomach rotates clock- 
wise and the associated dorsal mesentery, containing the 
spleen, moves to the left and greatly expands. During this 
process, part of the mesentery becomes associated with, 
and secondarily fuses with, the left side of the body wall. 

At the same time, the duodenum, together with its 
dorsal mesentery and an appreciable part of the pancreas, 
swings to the right and fuses to the body wall. 

Secondary fusion of the duodenum to the body wall, 
massive growth of the liver in the ventral mesentery, and 
fusion of the superior surface of the liver to the diaphragm 
restrict the opening to the space enclosed by the ballooned 
dorsal mesentery associated with the stomach. This 
restricted opening is the omental foramen (epiploic 
foramen). 

The part of the abdominal cavity enclosed by the 
expanded dorsal mesentery, and posterior to the stomach, 
is the omental bursa (lesser sac). Access, through the 
omental foramen, to this space from the rest of the perito- 
neal cavity (greater sac) is inferior to the free edge of the 
ventral mesentery. 

Part of the dorsal mesentery that initially forms part of 
the lesser sac greatly enlarges in an inferior direction, and 
the two opposing surfaces of the mesentery fuse to form an 
apron-like structure (the greater omentum). The greater 
omentum is suspended from the greater curvature of the 
stomach, lies over other viscera in the abdominal cavity, 
and is the first structure observed when the abdominal 
cavity is opened anteriorly. 


Development of the midgut 


The midgut develops into the distal part of the duodenum, 
the jejunum, ileum, ascending colon, and proximal 
two-thirds of the transverse colon. A small yolk sac pro- 
jects anteriorly from the developing midgut into the 
umbilicus. 
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Fig. 4.13 A series (A to H) showing the development of the gut and mesenteries. 
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Rapid growth of the gastrointestinal system results in a 
loop of the midgut herniating out of the abdominal cavity 
and into the umbilical cord. As the body grows in size and 
the connection with the yolk sac is lost, the midgut returns 
to the abdominal cavity. While this process is occurring, 
the two limbs of the midgut loop rotate counterclockwise 
around their combined central axis, and the part of the 
loop that becomes the cecum descends into the inferior 
right aspect of the cavity. The superior mesenteric artery, 
which supplies the midgut, is at the center of the axis of 
rotation. 

The cecum remains intraperitoneal, the ascending 
colon fuses with the body wall becoming secondarily ret- 
roperitoneal, and the transverse colon remains suspended 
by its dorsal mesentery (transverse mesocolon). The greater 
omentum hangs over the transverse colon and the meso- 
colon and usually fuses with these structures. 


Development of the hindgut 


The distal one-third of the transverse colon, descending 
colon, sigmoid colon, and the superior part of rectum 
develop from the hindgut. 

Proximal parts of the hindgut swing to the left and 
become the descending colon and sigmoid colon. The 
descending colon and its dorsal mesentery fuse to the body 
wall, while the sigmoid colon remains intraperitoneal. The 
sigmoid colon passes through the pelvic inlet and is con- 
tinuous with the rectum at the level of vertebra SIII. 


Skin and muscles of the anterior 
and lateral abdominal wall and 
thoracic intercostal nerves 


The anterior rami of thoracic spinal nerves T7 to T12 
follow the inferior slope of the lateral parts of the ribs and 
cross the costal margin to enter the abdominal wall (Fig. 
4.14). Intercostal nerves T7 to T11 supply skin and muscle 
of the abdominal wall, as does the subcostal nerve T12. In 
addition, T5 and T6 supply upper parts of the external 
oblique muscle of the abdominal wall; T6 also supplies 
cutaneous innervation to skin over the xiphoid. 

Skin and muscle in the inguinal and suprapubic regions 
of the abdominal wall are innervated by L1 and not by 
thoracic nerves. 





Fig. 4.14 Innervation of the anterior abdominal wall. 


Dermatomes of the anterior abdominal wall are indi- 
cated in Figure 4.14. In the midline, skin over the infra- 
sternal angle is T6 and that around the umbilicus is T10. 
Ll innervates skin in the inguinal and suprapubic 
regions. 

Muscles of the abdominal wall are innervated segmen- 
tally in patterns that generally reflect the patterns of the 
overlying dermatomes. 
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Abdomen 


The groin is a weak area in the 
anterior abdominal wall 


During development, the gonads in both sexes descend 
from their sites of origin on the posterior abdominal wall 
into the pelvic cavity in women and the developing scrotum 
in men (Fig. 4.15). 

Before descent, a cord of tissue (the gubernaculum) 
passes through the anterior abdominal wall and connects 
the inferior pole of each gonad with primordia of the 
scrotum in men and the labia majora in women (labioscro- 
tal swellings). 

A tubular extension (the processus vaginalis) of the 
peritoneal cavity and the accompanying muscular layers 
of the anterior abdominal wall project along the guber- 
naculum on each side into the labioscrotal swellings. 

In men, the testis, together with its neurovascular struc- 
tures and its efferent duct (the ductus deferens) descends 
into the scrotum along a path, initially defined by the 
gubernaculum, between the processus vaginalis and the 
accompanying coverings derived from the abdominal wall. 


Genital tubercle 


Labioscrotal swelling 


Urogenital membrane 


Fig. 4.15 Inguinal region. A. Development. 





All that remains of the gubernaculum is a connective tissue 
remnant that attaches the caudal pole of the testis to the 
scrotum. 

The inguinal canal is the passage through the 
anterior abdominal wall created by the processus 
vaginalis. The spermatic cord is the tubular extension of 
the layers of the abdominal wall into the scrotum that 
contains all structures passing between the testis and the 
abdomen. 

The distal sac-like terminal end of the spermatic cord on 
each side contains the testis, associated structures, and the 
now isolated part of the peritoneal cavity (the cavity of the 
tunica vaginalis). 

In women, the gonads descend to a position just inside 
the pelvic cavity and never pass through the anterior 
abdominal wall. As a result, the only major structure 
passing through the inguinal canal is a derivative of the 
gubernaculum (the round ligament of uterus). 

In both men and women, the groin (inguinal region) is 
a weak area in the abdominal wall (Fig. 4.15) and is the 
site of inguinal hernias. 
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Fig. 4.15, cont’d Inguinal region. B. In men. C. In women. 
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Abdomen 


Vertebral level LI 


The transpyloric plane is a horizontal plane that transects 
the body through the lower aspect of vertebra LI (Fig. 
4.16). It: 


is about midway between the jugular notch and the 
pubic symphysis, and crosses the costal margin on each 
side at roughly the ninth costal cartilage; 

crosses through the opening of the stomach into the 
duodenum (the pyloric orifice), which is just to the right 
of the body of LI; the duodenum then makes a charac- 
teristic C-shaped loop on the posterior abdominal wall 
and crosses the midline to open into the jejunum just to 
the left of the body of vertebra LII, whereas the head of 
the pancreas is enclosed by the loop of the duodenum, 
and the body of the pancreas extends across the midline 
to the left; 

crosses through the body of the pancreas; and 
approximates the position of the hila of the kidneys; 
though because the left kidney is slightly higher than 
the right, the transpyloric plane crosses through the 
inferior aspect of the left hilum and the superior part of 
the right hilum. 


The gastrointestinal system and 
its derivatives are supplied by 
three major arteries 


Three large unpaired arteries branch from the anterior 
surface of the abdominal aorta to supply the abdominal 
part of the gastrointestinal tract and all of the structures 
(liver, pancreas, and gallbladder) to which this part of the 
gut gives rise to during development (Fig. 4.17). These 
arteries pass through derivatives of the dorsal and ventral 
mesenteries to reach the target viscera. These vessels there- 
fore also supply structures such as the spleen and lymph 
nodes that develop in the mesenteries. These three arteries 
are: 


the celiac artery, which branches from the abdominal 
aorta at the upper border of vertebra LI and supplies the 
foregut; 
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stomach and duodenum 


Jugular notch 


Costal margin 





K j S LI (transpyloric) 
: = plane 


Pubic symphysis 


Fig. 4.16 Vertebral level LI. 


the superior mesenteric artery, which arises from the 
abdominal aorta at the lower border of vertebra LI and 
supplies the midgut; and 
the inferior mesenteric artery, which branches from the 
abdominal aorta at approximately vertebral level LIII 
and supplies the hindgut. 
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Fig. 4.17 Blood supply of the gut. A. Relationship of vessels to the gut and mesenteries. B. Anterior view. 
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Abdomen 





Venous shunts from left to right 


All blood returning to the heart from regions of the body 
other than the lungs flows into the right atrium of the 
heart. The inferior vena cava is the major systemic vein in 
the abdomen and drains this region together with the 
pelvis, perineum, and both lower limbs (Fig. 4.18). 

The inferior vena cava lies to the right of the vertebral 
column and penetrates the central tendon of the diaphragm 
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264 Fig. 4.18 Left to right venous shunts. 


at approximately vertebral level TVIII. A number of large 
vessels cross the midline to deliver blood from the left side 
of the body to the inferior vena cava. 


= One of the most significant is the left renal vein, which 
drains the kidney, suprarenal gland, and gonad on the 
same side. 

= Another is the left common iliac vein, which crosses the 
midline at approximately vertebral level LV to join with 


Heart 
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Left gonadal vein 


Left lumbar vein 


Left common iliac vein 
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its partner on the right to form the inferior vena cava. 
These veins drain the lower limbs, the pelvis, the 
perineum, and parts of the abdominal wall. 

= Other vessels crossing the midline include the left 
lumbar veins, which drain the back and posterior 
abdominal wall on the left side. 


All venous drainage from the 
gastrointestinal system passes 
through the liver 


Blood from abdominal parts of the gastrointestinal system 
and the spleen passes through a second vascular bed, in 
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Fig. 4.19 Hepatic portal system. 


the liver, before ultimately returning to the heart (Fig. 
4.19). 

Venous blood from the digestive tract, pancreas, gall- 
bladder, and spleen enters the inferior surface of the liver 
through the large hepatic portal vein. This vein then 
ramifies like an artery to distribute blood to small endothe- 
lial-lined hepatic sinusoids, which form the vascular 
exchange network of the liver. 

After passing through the sinusoids, the blood collects 
in a number of short hepatic veins, which drain into the 
inferior vena cava just before the inferior vena cava pene- 
trates the diaphragm and enters the right atrium of the 
heart. 
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Abdomen 


Normally, vascular beds drained by the hepatic portal 
system interconnect, through small veins, with beds 
drained by systemic vessels, which ultimately connect 
directly with either the superior or inferior vena cava. 


Portacaval anastomoses 


Among the clinically most important regions of overlap 
between the portal and caval systems are those at each end 
of the abdominal part of the gastrointestinal system: 


around the inferior end of the esophagus; 
around the inferior part of the rectum. 


Small veins that accompany the degenerate umbilical 
vein (round ligament of the liver) establish another 
important portacaval anastomosis. 

The round ligament of the liver connects the umbilicus 
of the anterior abdominal wall with the left branch of the 
portal vein as it enters the liver. The small veins that 
accompany this ligament form a connection between the 
portal system and para-umbilical regions of the abdominal 
wall, which drain into systemic veins. 

Other regions where portal and caval systems intercon- 
nect include: 


where the liver is in direct contact with the diaphragm 
(the bare area of the liver); 

where the wall of the gastrointestinal tract is in direct 
contact with the posterior abdominal wall (retroperito- 
neal areas of the large and small intestine); and 

the posterior surface of the pancreas (much of the pan- 
creas is secondarily retroperitoneal). 


Blockage of the hepatic portal vein or 
of vascular channels in the liver 


Blockage of the hepatic portal vein or of vascular channels 
in the liver can affect the pattern of venous return from 


abdominal parts of the gastrointestinal system. Vessels 
that interconnect the portal and caval systems can become 
greatly enlarged and tortuous, allowing blood in tributar- 
ies of the portal system to bypass the liver, enter the caval 
system, and thereby return to the heart. Portal hyperten- 
sion can result in esophageal varices and hemorrhoids at 
the esophageal and rectal ends of the gastrointestinal 
system, respectively, and in caput medusae in which sys- 
temic vessels that radiate from para-umbilical veins enlarge 
and become visible on the abdominal wall. 


Abdominal viscera are supplied 
by a large prevertebral plexus 


Innervation of the abdominal viscera is derived from a 
large prevertebral plexus associated mainly with the ante- 
rior and lateral surfaces of the aorta (Fig 4.20). Branches 
are distributed to target tissues along vessels that originate 
from the abdominal aorta. 

The prevertebral plexus contains sympathetic, para- 
sympathetic, and visceral sensory components: 


sympathetic components originate from spinal cord 
levels T5 to L2; 

parasympathetic components are from the vagus nerve 
[X] and spinal cord levels S2 to S4; 

visceral sensory fibers generally parallel the motor 
pathways. 


Sympathetic input 


Greater, lesser, and least 
splanchnic nerves 
(T5 to T12) 


Lumbar splanchnic 
nerves (L1, L2) 


Prevertebral plexus 


Fig. 4.20 Prevertebral plexus. 
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Abdomen 


Regional anatomy 


The abdomen is the part of the trunk inferior to the thorax 
(Fig. 4.21). Its musculomembranous walls surround a 
large cavity (the abdominal cavity), which is bounded 
superiorly by the diaphragm and inferiorly by the pelvic 
inlet. 

The abdominal cavity may extend superiorly as high as 
the fourth intercostal space, and is continuous inferiorly 
with the pelvic cavity. It contains the peritoneal cavity 
and the abdominal viscera. 


SURFACE TOPOGRAPHY 


Topographical divisions of the abdomen are used to describe 
the location of abdominal organs and the pain associated 
with abdominal problems. The two schemes most often 
used are: 
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Fig. 4.21 Boundaries of the abdominal cavity. 


= a four-quadrant pattern; and 
= anine-region pattern. 


Four-quadrant pattern 


A horizontal transumbilical plane passing through the 
umbilicus and the intervertebral disc between vertebrae 
LII and LIV and intersecting with the vertical median 
plane divides the abdomen into four quadrants—the right 
upper, left upper, right lower, and left lower quadrants 
(Fig. 4.22). 





Transumbilical plane 


Median plane 


Fig. 4.22 Four-quadrant topographical pattern. 


Nine-region pattern 


The nine-region pattern is based on two horizontal and 
two vertical planes (Fig. 4.23). 


= The superior horizontal plane (the subcostal plane) is 
immediately inferior to the costal margins, which places 
it at the lower border of the costal cartilage of rib X 
and passes posteriorly through the body of vertebra 
LIII. (Note, however, that sometimes the transpyloric 
plane, halfway between the jugular notch and the 
symphysis pubis or halfway between the umbilicus and 
the inferior end of the body of the sternum, passing 
posteriorly through the lower border of vertebrae LI 
and intersecting with the costal margin at the ends of 
the ninth costal cartilages, is used instead.) 

= The inferior horizontal plane (the intertubercular 
plane) connects the tubercles of the iliac crests, which 
are palpable structures 5 cm posterior to the anterior 
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Fig. 4.23 Nine-region organizational pattern. 





superior iliac spines, and passes through the upper part 
of the body of vertebra LV. 

The vertical planes pass from the midpoint of the clavi- 
cles inferiorly to a point midway between the anterior 
superior iliac spine and pubic symphysis. 


These four planes establish the topographical divisions 


in the nine-region organization. The following designa- 
tions are used for each region: superiorly the right 
hypochondrium, the epigastric region, and the left hypo- 
chondrium; inferiorly the right groin (inguinal region), 
pubic region, and left groin (inguinal region); and in the 
middle the right flank (lateral region), the umbilical region, 
and the left flank (lateral region) (Fig. 4.23). 


In the clinic 


Surgical incisions 

Access to the abdomen and its contents is usually 
obtained through incisions in the anterior abdominal 
wall. Traditionally, incisions have been placed at and 
around the region of surgical interest. The size of these 
incisions was usually large to allow good access and 
optimal visualization of the abdominal cavity. As 
anesthesia has developed and muscle-relaxing drugs 
have become widely used, the abdominal incisions have 
become smaller. 

Currently, the most commonly used large abdominal 
incision is a central craniocaudad incision from the 
xiphoid process to the symphysis pubis, which provides 
wide access to the whole of the abdominal contents 
and allows an exploratory procedure to be performed 
(laparotomy). 

Other approaches use much smaller incisions. With 
the advent of small cameras and the development of 
minimal access surgery, tiny incisions can be made in 
the anterior abdominal wall and cameras inserted. The 
peritoneal cavity is “inflated” with carbon dioxide to 
increase the space in which the procedure is performed. 
Further instruments may be inserted through small 
portholes, and procedures such as cholecystectomy 
(removal of the gallbladder) and appendectomy 
(removal of the appendix) can be carried out, allowing 
the patient to return home sooner than a large 
abdominal incision would allow. 
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Abdomen 


ABDOMINAL WALL 


The abdominal wall covers a large area. It is bounded supe- 
riorly by the xiphoid process and costal margins, posteri- 
orly by the vertebral column, and inferiorly by the upper 
parts of the pelvic bones. Its layers consist of skin, superfi- 
cial fascia (subcutaneous tissue), muscles and their associ- 
ated deep fascias, extraperitoneal fascia, and parietal 
peritoneum (Fig. 4.24). 


Superficial fascia 


The superficial fascia of the abdominal wall (subcutaneous 
tissue of abdomen) is a layer of fatty connective tissue. It is 
usually a single layer similar to, and continuous with, the 
superficial fascia throughout other regions of the body. 
However, in the lower region of the anterior part of the 
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Fig. 4.24 Layers of the abdominal wall. 





abdominal wall, below the umbilicus, it forms two layers: 
a superficial fatty layer and a deeper membranous layer. 


Superficial layer 


The superficial fatty layer of superficial fascia (Camper’s 
fascia) contains fat and varies in thickness (Figs. 4.25 and 
4.26). It is continuous over the inguinal ligament with the 
superficial fascia of the thigh and with a similar layer in the 
perineum. 

In men, this superficial layer continues over the penis 
and, after losing its fat and fusing with the deeper layer 
of superficial fascia, continues into the scrotum where it 
forms a specialized fascial layer containing smooth muscle 
fibers (the dartos fascia). In women, this superficial 
layer retains some fat and is a component of the labia 
majora. 
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Deeper layer midline, it is firmly attached to the linea alba and the sym- 


The deeper membranous layer of superficial fascia (Scar- physis pubis. It continues into the anterior part of the 
pa’s fascia) is thin and membranous, and contains little perineum where it is firmly attached to the ischiopubic 
or no fat (Fig. 4.25). Inferiorly, it continues into the thigh, rami and to the posterior margin of the perineal mem- 


but just below the inguinal ligament, it fuses with the deep brane. Here, it is referred to as the superficial perineal 
fascia of the thigh (the fascia lata; Fig. 4.26). In the fascia (Colles’ fascia). 
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Fig. 4.25 Superficial fascia. 
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Fig. 4.26 Continuity of membranous layer of superficial fascia into other areas. 271 
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In men, the deeper membranous layer of superficial 
fascia blends with the superficial layer as they both pass 
over the penis, forming the superficial fascia of the penis, 
before they continue into the scrotum where they form the 
dartos fascia (Fig. 4.25). Also in men, extensions of the 
deeper membranous layer of superficial fascia attached to 
the pubic symphysis pass inferiorly onto the dorsum and 
sides of the penis to form the fundiform ligament of 
penis. In women, the membranous layer of the superficial 
fascia continues into the labia majora and the anterior part 
of the perineum. 


Anterolateral muscles 


There are five muscles in the anterolateral group of abdom- 
inal wall muscles: 


= three flat muscles whose fibers begin posterolaterally, 
pass anteriorly, and are replaced by an aponeurosis as 
the muscle continues towards the midline—the exter- 
nal oblique, internal oblique, and transversus abdomi- 
nis muscles; 

= two vertical muscles, near the midline, which are 
enclosed within a tendinous sheath formed by the apo- 
neuroses of the flat muscles—the rectus abdominis and 
pyramidalis muscles. 
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Fig. 4.27 External oblique muscle and its aponeurosis. 


Fach of these five muscles has specific actions, but 
together the muscles are critical for the maintenance of 
many normal physiological functions. By their positioning, 
they form a firm, but flexible, wall that keeps the abdomi- 
nal viscera within the abdominal cavity, protects the 
viscera from injury, and helps maintain the position of the 
viscera in the erect posture against the action of gravity. 

In addition, contraction of these muscles assists in both 
quiet and forced expiration by pushing the viscera upward 
(which helps push the relaxed diaphragm further into the 
thoracic cavity) and in coughing and vomiting. 

All these muscles are also involved in any action that 
increases intra-abdominal pressure, including parturition 
(childbirth), micturition (urination), and defecation (expul- 
sion of feces from the rectum). 


Flat muscles 
External oblique 


The most superficial of the three flat muscles in the antero- 
lateral group of abdominal wall muscles is the external 
oblique, which is immediately deep to the superficial fascia 
(Fig. 4.27). Its laterally placed muscle fibers pass in an 
inferomedial direction, while its large aponeurotic compo- 
nent covers the anterior part of the abdominal wall to the 
midline. Approaching the midline, the aponeuroses are 
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Aponeurosis of external oblique 
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entwined, forming the linea alba, which extends from the 
xiphoid process to the pubic symphysis. 


Associated ligaments 


The lower border of the external oblique aponeurosis forms 
the inguinal ligament on each side (Fig. 4.27). This 
thickened reinforced free edge of the external oblique apo- 
neurosis passes between the anterior superior iliac spine 
laterally and the pubic tubercle medially (Fig. 4.28). It folds 
under itself forming a trough, which plays an important 
role in the formation of the inguinal canal. 

Several other ligaments are also formed from extensions 
of the fibers at the medial end of the inguinal ligament: 
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Fig. 4.28 Ligaments formed from the external oblique 
aponeurosis. 





the lacunar ligament is a crescent-shaped extension 
of fibers at the medial end of the inguinal ligament that 
pass backward to attach to the pecten pubis on the 
superior ramus of the pubic bone (Figs. 4.28 and 
4.29); 

additional fibers extend from the lacunar ligament 
along the pecten pubis of the pelvic brim to form the 
pectineal (Cooper’s) ligament. 
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Fig. 4.29 Ligaments of the inguinal region. 
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Internal oblique 


Deep to the external oblique muscle is the internal oblique 
muscle, which is the second of the three flat muscles (Fig. 
4.30). This muscle is smaller and thinner than the external 
oblique, with most of its muscle fibers passing in a supero- 
medial direction. Its lateral muscular components end 
anteriorly as an aponeurosis that blends into the linea alba 
at the midline. 
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Fig. 4.30 Internal oblique muscle and its aponeurosis. 
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Transversus abdominis 


Deep to the internal oblique muscle is the transversus 
abdominis muscle (Fig. 4.31), so named because of the 
direction of most of its muscle fibers. It ends in an anterior 
aponeurosis, which blends with the linea alba at the 
midline. 
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Fig. 4.31 Transversus abdominis muscle and its aponeurosis. 


Transversalis fascia 


Each of the three flat muscles is covered on its anterior and 
posterior surfaces by a layer of deep (or investing) fascia. 
In general, these layers are unremarkable except for the 
layer deep to the transversus abdominis muscle (the trans- 
versalis fascia), which is better developed. 

The transversalis fascia is a continuous layer of deep 
fascia that lines the abdominal cavity and continues into 
the pelvic cavity. It crosses the midline anteriorly, associat- 
ing with the transversalis fascia of the opposite side, and is 
continuous with the fascia on the inferior surface of the 
diaphragm. It is continuous posteriorly with the deep fascia 
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covering the muscles of the posterior abdominal wall and 
attaches to the thoracolumbar fascia. 

After attaching to the crest of the ilium, the transversa- 
lis fascia blends with the fascia covering the muscles asso- 
ciated with the upper regions of the pelvic bones and with 
similar fascia covering the muscles of the pelvic cavity. At 
this point, it is referred to as the parietal pelvic (or endo- 
pelvic) fascia. 

There is therefore a continuous layer of deep fascia sur- 
rounding the abdominal cavity that is thick in some areas, 
thin in others, attached or free, and participates in the for- 
mation of specialized structures. 
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Vertical muscles Rectus abdominis 


The two vertical muscles in the anterolateral group of The rectus abdominis is a long, flat muscle and extends 
abdominal wall muscles (Table 4.1) are the large rectus the length of the anterior abdominal wall. It is a paired 
abdominis and the small pyramidalis (Fig. 4.32). muscle, separated in the midline by the linea alba, and it 

widens and thins as it ascends from the pubic symphysis to 


Table 4.1 Abdominal wall muscles 


Muscle Origin Insertion Innervation Function 

External Muscular slips from the outer Lateral lip of iliac crest; Anterior rami of lower six © Compress abdominal contents; 

oblique surfaces of the lower eight ribs aponeurosis ending in thoracic spinal nerves both muscles flex trunk; each 
(ribs V to XII) midline raphe (linea alba) (T7 to T12) muscle bends trunk to same 


side, turning anterior part of 
abdomen to opposite side 


Internal Thoracolumbar fascia; iliac crest Inferior border of the Anterior rami of lower six Compress abdominal contents; 
oblique between origins of external and lower three or four ribs; thoracic spinal nerves both muscles flex trunk; each 
transversus; lateral two-thirds of aponeurosis ending in (T7 to T12) and L1 muscle bends trunk and turns 
inguinal ligament linea alba; pubic crest and anterior part of abdomen to 
pectineal line same side 
Transversus = Thoracolumbar fascia; medial lip Aponeurosis ending in Anterior rami of lower six Compress abdominal contents 
abdominis of iliac crest; lateral one-third of linea alba; pubic crest and thoracic spinal nerves 
inguinal ligament; costal cartilages pectineal line (T7 to T12) and L1 


lower six ribs (ribs VII to XII) 


Rectus Pubic crest, pubic tubercle, and Costal cartilages of ribs V Anterior rami of lower Compress abdominal contents; 
abdominis pubic symphysis to VII; xiphoid process seven thoracic spinal flex vertebral column; tense 
nerves (T7 to T12) abdominal wall 
Pyramidalis Front of pubis and pubic Into linea alba Anterior ramus of T12 Tenses the linea alba 
symphysis 
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Rectus abdominis muscle Posterior wall of rectus sheath 
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the costal margin. Along its course, it is intersected by 
three or four transverse fibrous bands or tendinous inter- 
sections (Fig. 4.32). These are easily visible on individuals 
with a well-developed rectus abdominis. 


Pyramidalis 


The second vertical muscle is the pyramidalis. This small, 
triangular muscle, which may be absent, is anterior to the 
rectus abdominis, has its base on the pubis, and its apex is 
attached superiorly and medially to the linea alba (Fig. 
4.32). 


Rectus sheath 


The rectus abdominis and pyramidalis muscles are enclosed 
in an aponeurotic tendinous sheath (the rectus sheath) 
formed by a unique layering of the aponeuroses of the 
external and internal oblique, and transversus abdominis 
muscles (Fig. 4.33). 

The rectus sheath completely encloses the upper three- 
quarters of the rectus abdominis and covers the anterior 
surface of the lower one-quarter of the muscle. As no 
sheath covers the posterior surface of the lower quarter of 
the rectus abdominis muscle, the muscle at this point is in 
direct contact with the transversalis fascia. 


A Linea alba 





The formation of the rectus sheath surrounding the 
upper three-quarters of the rectus abdominis muscle has 
the following pattern: 


= the anterior wall consists of the aponeurosis of the 
external oblique and half of the aponeurosis of the inter- 
nal oblique, which splits at the lateral margin of the 
rectus abdominis; 

= the posterior wall of the rectus sheath consists of the 
other half of the aponeurosis of the internal oblique and 
the aponeurosis of the transversus abdominis. 


At a point midway between the umbilicus and the pubic 
symphysis, corresponding to the beginning of the lower 
one-quarter of the rectus abdominis muscle, all of the apo- 
neuroses move anterior to the rectus muscle. There is no 
posterior wall of the rectus sheath and the anterior wall of 
the sheath consists of the aponeuroses of the external 
oblique, the internal oblique, and the transversus abdomi- 
nis muscles. From this point inferiorly, the rectus abdomi- 
nis muscle is in direct contact with the transversalis fascia. 
Marking this point of transition is an arch of fibers (the 
arcuate line; see Fig. 4.32). 
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Fig. 4.33 Organization of the rectus sheath. A. Transverse section through the upper three-quarters of the rectus sheath. B. Transverse 


section through the lower one-quarter of the rectus sheath. 
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‘ ë Extraperitoneal fascia 
Extraperitoneal fascia 
Deep to the transversalis fascia is a layer of connective Preperitoneal 
tissue, the extraperitoneal fascia, which separates the 
transversalis fascia from the peritoneum (Fig. 4.34). Con- 
taining varying amounts of fat, this layer not only lines the 
abdominal cavity but is also continuous with a similar 
layer lining the pelvic cavity. It is abundant on the poste- 
rior abdominal wall, especially around the kidneys, contin- 
ues over organs covered by peritoneal reflections, and, as 
the vasculature is located in this layer, extends into mes- 
enteries with the blood vessels. Viscera in the extraperito- 
neal fascia are referred to as retroperitoneal. 

In the description of specific surgical procedures, the 
terminology used to describe the extraperitoneal fascia is 
further modified. The fascia toward the anterior side of the 
body is described as preperitoneal (or, less commonly, pro- 
peritoneal) and the fascia towards the posterior side of the 
body has been described as retroperitoneal (Fig. 4.35). 
Examples of the use of these terms would be the continuity 
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Fig. 4.35 Subdivisions of the extraperitoneal fascia. 
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of fat in the inguinal canal with the preperitoneal fat and 
a transabdominal preperitoneal laparoscopic repair of an 
inguinal hernia. 


Peritoneum 


Deep to the extraperitoneal fascia is the peritoneum 
(see Figs. 4.6 and 4.7 on pp. 251-252). This thin serous 
membrane lines the walls of the abdominal cavity and, at 
various points, reflects onto the abdominal viscera, provid- 
ing either a complete or a partial covering. The peritoneum 
lining the walls is the parietal peritoneum; the peritoneum 
covering the viscera is the visceral peritoneum. 

The continuous lining of the abdominal walls by the 
parietal peritoneum forms a sac. This sac is closed in men, 
but has two openings in women where the uterine tubes 
provide a passage to the outside. The closed sac in men and 
the semi-closed sac in women is called the peritoneal 
cavity. 


Innervation 


The skin, muscles, and parietal peritoneum of the antero- 
lateral abdominal wall are supplied by T7 to T12 and L1 


Xiphoid process 


spinal nerves. The anterior rami of these spinal nerves pass 
around the body, from posterior to anterior, in an infero- 
medial direction (Fig. 4.36). As they proceed, they give off 
a lateral cutaneous branch and end as an anterior cutane- 
ous branch. 

The intercostal nerves (T7 to T11) leave their intercos- 
tal spaces, passing deep to the costal cartilages, and con- 
tinue onto the anterolateral abdominal wall between the 
internal oblique and transversus abdominis muscles (Fig. 
4.37). Reaching the lateral edge of the rectus sheath, they 
enter the rectus sheath and pass posterior to the lateral 
aspect of the rectus abdominis muscle. Approaching the 
midline, an anterior cutaneous branch passes through the 
rectus abdominis muscle and the anterior wall of the rectus 
sheath to supply the skin. 

Spinal nerve T12 (the subcostal nerve) follows a 
similar course as the intercostals. Branches of L1 (the ilio- 
hypogastric nerve and ilio-inguinal nerve), which 
originate from the lumbar plexus, follow similar courses 
initially, but deviate from this pattern near their final 
destination. 
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Fig. 4.36 Innervation of the anterolateral abdominal wall. 
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Fig. 4.37 Path taken by the nerves innervating the anterolateral abdominal wall. 


Along their course, nerves T7 to T12 and L1 supply 
branches to the anterolateral abdominal wall muscles and 
the underlying parietal peritoneum. All terminate by sup- 
plying skin: 


= nerves T7 to T9 supply the skin from the xiphoid process 
to just above the umbilicus; 
T10 supplies the skin around the umbilicus; 
T11, T12, and L1 supply the skin from just below the 
umbilicus to, and including, the pubic region (Fig. 
4.38); 

= additionally, the ilio-inguinal nerve (a branch of L1) 
supplies the anterior surface of the scrotum or labia 
majora, and sends a small cutaneous branch to the 
thigh. 


Arterial supply and 
venous drainage 


Numerous blood vessels supply the anterolateral abdomi- 
nal wall. Superficially: 


= the superior part of the wall is supplied by branches 
from the musculophrenic artery, a terminal branch 
of the internal thoracic artery; and 

= the inferior part of the wall is supplied by the medially 
placed superficial epigastric artery and the laterally 





Fig. 4.38 Dermatomes of the anterolateral abdominal wall. 





placed superficial circumflex iliac artery, both = the lateral part of the wall is supplied by branches of 


branches of the femoral artery (Fig. 4.39). the tenth and eleventh intercostal arteries and the 
subcostal artery; and 
At a deeper level: = the inferior part of the wall is supplied by the medially 
placed inferior epigastric artery and the laterally 
= the superior part of the wall is supplied by the superior placed deep circumflex iliac artery, both branches of 
epigastric artery, a terminal branch of the internal the external iliac artery. 


thoracic artery; 
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Fig. 4.39 Arterial supply to the anterolateral abdominal wall. 281 
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Abdomen 


The superior and inferior epigastric arteries both enter 
the rectus sheath. They are posterior to the rectus abdomi- 
nis muscle throughout their course, and anastomose with 
each other (Fig. 4.40). 

Veins of similar names follow the arteries and are 
responsible for venous drainage. 


Lymphatic drainage 
Lymphatic drainage of the anterolateral abdominal wall 
follows the basic principles of lymphatic drainage: 


= superficial lymphatics above the umbilicus pass in a 
superior direction to the axillary nodes, while drain- 
age below the umbilicus passes in an inferior direction 
to the superficial inguinal nodes; 

= deep lymphatic drainage follows the deep arteries back 
to parasternal nodes along the internal thoracic 
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Fig. 4.40 Superior and inferior epigastric arteries. 





artery, lumbar nodes along the abdominal aorta, and 
external iliac nodes along the external iliac artery. 


GROIN 


The groin (inguinal region) is the area of junction 
between the anterior abdominal wall and the thigh. In this 
area, the abdominal wall is weakened from changes that 
occur during development and a peritoneal sac or diver- 
ticulum, with or without abdominal contents, can there- 
fore protrude through it, creating an inguinal hernia. This 
type of hernia can occur in both sexes, but it is most 
common in males. 

The inherent weakness in the anterior abdominal wall 
in the groin is caused by changes that occur during the 
development of the gonads. Before the descent of the testis 
and ovaries from their initial position high in the posterior 
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abdominal wall, a peritoneal outpouching (the processus 
vaginalis) forms (Fig. 4.41), protruding through the 
various layers of the anterior abdominal wall and acquir- 
ing coverings from each: 


= the transversalis fascia forms its deepest covering; 

= the second covering is formed by the musculature of 
the internal oblique (a covering from the transversus 
abdominis muscle is not acquired because the proces- 
sus vaginalis passes under the arching fibers of this 
abdominal wall muscle); 

= its most superficial covering is the aponeurosis of the 
external oblique. 


As aresult the processus vaginalis is transformed into a 
tubular structure with multiple coverings from the layers 
of the anterior abdominal wall. This forms the basic struc- 
ture of the inguinal canal. 

The final event in this development is the descent of the 
testes into the scrotum or of the ovaries into the pelvic 
cavity. This process depends on the development of the 
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Fig. 4.41 Descent of the testis from week 7 (postfertilization) to birth. 


Transversus abdominis muscle 





gubernaculum, which extends from the inferior border of 
the developing gonad to the labioscrotal swellings (Fig. 
4.41). 

The processus vaginalis is immediately anterior to the 
gubernaculum within the inguinal canal. 

In men, as the testes descend, the testes and their accom- 
panying vessels, ducts, and nerves pass through the ingui- 
nal canal and are therefore surrounded by the same fascial 
layers of the abdominal wall. Testicular descent completes 
the formation of the spermatic cord in men. 

In women, the ovaries descend into the pelvic cavity 
and become associated with the developing uterus. There- 
fore, the only remaining structure passing through the 
inguinal canal is the round ligament of the uterus, which 
is aremnant of the gubernaculum. 

The development sequence is concluded in both sexes 
when the processus vaginalis obliterates. If this does not 
occur or is incomplete, a potential weakness exists in the 
anterior abdominal wall and an inguinal hernia may 
develop. In males, only proximal regions of the tunica vagi- 
nalis obliterate. The distal end expands to enclose most of 
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Fig. 4.42 Inguinal canal. 


the testis in the scrotum. In other words, the cavity of the 
tunica vaginalis in men forms as an extension of the devel- 
oping peritoneal cavity that becomes separated off during 
development. 


Inguinal canal 


The inguinal canal is a slit-like passage that extends in a 
downward and medial direction, just above and parallel to 
the lower half of the inguinal ligament. It begins at the 
deep inguinal ring and continues for approximately 4 cm, 
ending at the superficial inguinal ring (Fig. 4.42). The con- 
tents of the canal are the genital branch of the genitofemo- 
ral nerve, the spermatic cord in men and the round 
ligament of the uterus in women. Additionally, in both 
sexes, the ilio-inguinal nerve passes through part of the 
canal, exiting through the superficial inguinal ring with 
the other contents. 


Deep inguinal ring 

The deep (internal) inguinal ring is the beginning of the 
inguinal canal and is at a point midway between the ante- 
rior superior iliac spine and the pubic symphysis (Fig. 
4.43). It is just above the inguinal ligament and immedi- 
ately lateral to the inferior epigastric vessels. Although 
sometimes referred to as a defect or opening in the trans- 
versalis fascia, it is actually the beginning of the tubular 
evagination of transversalis fascia that forms one of the 
coverings (the internal spermatic fascia) of the sper- 
matic cord in men or the round ligament of the uterus in 
women. 


Superficial inguinal ring 
The superficial (external) inguinal ring is the end of the 
inguinal canal and is superior to the pubic tubercle (Fig. 
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Fig. 4.43 Deep inguinal ring and the transversalis fascia. 


4.44). It is a triangular opening in the aponeurosis of the 
external oblique, with its apex pointing superolaterally and 
its base formed by the pubic crest. The two remaining sides 
of the triangle (the medial crus and the lateral crus) are 
attached to the pubic symphysis and the pubic tubercle, 
respectively. At the apex of the triangle the two crura are 
held together by crossing (intercrural) fibers, which prevent 
further widening of the superficial ring. 

As with the deep inguinal ring, the superficial inguinal 
ring is actually the beginning of the tubular evagination of 


the aponeurosis of the external oblique onto the structures 
traversing the inguinal canal and emerging from the 
superficial inguinal ring. This continuation of tissue over 
the spermatic cord is the external spermatic fascia. 


Anterior wall 


The anterior wall of the inguinal canal is formed along its 
entire length by the aponeurosis of the external oblique 
muscle (Fig. 4.44). It is also reinforced laterally by the 
lower fibers of the internal oblique that originate from the 
lateral two-thirds of the inguinal ligament (Fig. 4.45). This 
adds an additional covering over the deep inguinal ring, 
which is a potential point of weakness in the anterior 
abdominal wall. Furthermore, as the internal oblique 
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muscle covers the deep inguinal ring, it also contributes a 
layer (the cremasteric fascia containing the cremas- 
teric muscle) to the coverings of the structures traversing 
the inguinal canal. 


Posterior wall 


The posterior wall of the inguinal canal is formed along its 
entire length by the transversalis fascia (see Fig. 4.43). It 
is reinforced along its medial one-third by the conjoint 
tendon (inguinal falx; Fig. 4.45). This tendon is the 
combined insertion of the transversus abdominis and 
internal oblique muscles into the pubic crest and pectineal 
line. 
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Fig. 4.44 Superficial inguinal ring and the aponeurosis of the external oblique. 
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Fig. 4.45 Internal oblique muscle and the inguinal canal. 
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Abdomen 


As with the internal oblique muscle’s reinforcement of 
the area of the deep inguinal ring, the position of the con- 
joint tendon posterior to the superficial inguinal ring pro- 
vides additional support to a potential point of weakness in 
the anterior abdominal wall. 


Roof 


The roof (superior wall) of the inguinal canal is formed by 
the arching fibers of the transversus abdominis and inter- 
nal oblique muscles (Figs. 4.45 and 4.46). They pass from 
their lateral points of origin from the inguinal ligament to 
their common medial attachment as the conjoint tendon. 


Floor 


The floor (inferior wall) of the inguinal canal is formed by 
the medial one-half of the inguinal ligament. This rolled- 
under, free margin of the lowest part of the aponeurosis 
of the external oblique forms a gutter or trough on which 
the contents of the inguinal canal are positioned. The 
lacunar ligament reinforces most of the medial part of the 
gutter. 


Contents 


The contents of the inguinal canal are: 


Transversus abdominis muscle 


Anterior superior 
iliac spine 


Aponeurosis of 
transversus abdominis 





Inguinal ligament Spermatic cord 


Femoral artery and vein 


Fig. 4.46 Transversus abdominis muscle and the inguinal canal. 


the spermatic cord in men; and 
the round ligament of the uterus and genital branch of 
the genitofemoral nerve in women. 


These structures enter the inguinal canal through the 
deep inguinal ring and exit it through the superficial ingui- 
nal ring. 

Additionally, the ilio-inguinal nerve (L1) passes through 
part of the inguinal canal. This nerve is a branch of the 
lumbar plexus, enters the abdominal wall posteriorly by 
piercing the internal surface of the transversus abdominis 
muscle, and continues through the layers of the anterior 
abdominal wall by piercing the internal oblique muscle. As 
it continues to pass inferomedially, it enters the inguinal 
canal. It continues down the canal to exit through the 
superficial inguinal ring. 


Spermatic cord 


The spermatic cord begins to form proximally at the 
deep inguinal ring and consists of structures passing 
between the abdominopelvic cavities and the testis, and 
the three fascial coverings that enclose these structures 
(Fig. 4.47). 

The structures in the spermatic cord include: 


the ductus deferens; 

the artery to ductus deferens (from the inferior vesical 
artery); 

the testicular artery (from the abdominal aorta); 

the pampiniform plexus of veins (testicular veins); 

the cremasteric artery and vein (small vessels associ- 
ated with the cremasteric fascia); 

the genital branch of the genitofemoral nerve (innerva- 
tion to the cremasteric muscle); 

sympathetic and visceral afferent nerve fibers; 
lymphatics; and 

remnants of the processus vaginalis. 


These structures enter the deep inguinal ring, proceed 
down the inguinal canal, and exit from the superficial 
inguinal ring, having acquired the three fascial coverings 
during their journey. This collection of structures and 
fascias continues into the scrotum where the structures 
connect with the testes and the fascias surround the 
testes. 

The fascias enclosing the contents of the spermatic cord 
include: 


the internal spermatic fascia, which is the deepest layer, 
arises from the transversalis fascia, and is attached to 
the margins of the deep inguinal ring; 
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Fig. 4.47 Spermatic cord. 
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the cremasteric fascia with the associated cremasteric 
muscle, which is the middle fascial layer and arises from 
the internal oblique muscle; and 

the external spermatic fascia, which is the most super- 
ficial covering of the spermatic cord, arises from the 
aponeurosis of the external oblique muscle, and is 
attached to the margins of the superficial inguinal ring 
(Fig. 4.47). 


Round ligament of the uterus 


The round ligament of the uterus is a cord-like structure 
that passes from the uterus to the deep inguinal ring where 
it enters the inguinal canal. It passes down the inguinal 
canal and exits through the superficial inguinal ring. At 
this point, it has changed from a cord-like structure to a 
few strands of tissue, which attach to the connective tissue 
associated with the labia majora. As it traverses the ingui- 
nal canal, it acquires the same coverings as the spermatic 
cord in men. 

The round ligament of the uterus is the long distal part 
of the original gubernaculum in the fetus that extends from 
the ovary to the labioscrotal swellings. From its attachment 
to the uterus, the round ligament of the uterus continues 
to the ovary as the ligament of the ovary that develops from 
the short proximal end of the gubernaculum. 


In the clinic 


Cremasteric reflex 
In men, the cremaster muscle and cremasteric fascia 
form the middle or second covering of the spermatic 
cord. This muscle and its associated fascia are supplied 
by the genital branch of the genitofemoral nerve (L1/ 
L2). Contraction of this muscle can be stimulated by a 
reflex arc. Gentle touch at and around the skin of the 
medial aspect of the superior part of the thigh 
stimulates the sensory fibers in the ilio-inguinal nerve. 
These sensory fibers enter the spinal cord at level L1. At 
this level, the sensory fibers stimulate the motor fibers 
carried in the genital branch of the genitofemoral nerve. 
The cremasteric reflex is more active in children, 
tending to diminish with age. As with many reflexes, it 
may be absent in certain neurological disorders. 
Although it can be used for testing spinal cord function 
at level L1 in men, its clinical use is limited. 


Inguinal hernias 


An inguinal hernia is the protrusion or passage of a peri- 
toneal sac, with or without abdominal contents, through 
a weakened part of the abdominal wall in the groin. It 


occurs because the peritoneal sac enters the inguinal canal 
either: 


indirectly, through the deep inguinal ring; or 
directly, through the posterior wall of the inguinal 
canal. 


Inguinal hernias are therefore classified as either indi- 
rect or direct. 


Indirect inguinal hernias 


The indirect inguinal hernia is the most common of the 
two types of inguinal hernia and is much more common in 
men than in women (Fig. 4.48). It occurs because some 
part, or all, of the embryonic processus vaginalis remains 
open or patent. It is therefore referred to as being congeni- 
tal in origin. 

The protruding peritoneal sac enters the inguinal canal 
by passing through the deep inguinal ring, just lateral to 
the inferior epigastric vessels. The extent of its excursion 
down the inguinal canal depends on the amount of proces- 
sus vaginalis that remains patent. If the entire processus 
vaginalis remains patent, the peritoneal sac may traverse 
the length of the canal, exit the superficial inguinal ring, 
and continue into the scrotum in men or the labia majus 
in women. In this case, the protruding peritoneal sac 
acquires the same three coverings as those associated with 
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Fig. 4.48 Indirect inguinal hernia. 


the spermatic cord in men or the round ligament of the 
uterus in women. 


Direct inguinal hernias 


A peritoneal sac that enters the medial end of the inguinal 
canal directly through a weakened posterior wall is a direct 
inguinal hernia (Fig. 4.49). It is usually described as 
acquired because it develops when abdominal muscula- 
ture has been weakened, and is commonly seen in mature 
men. The bulging occurs medial to the inferior epigastric 
vessels in the inguinal triangle (Hesselbach’s triangle), 
which is bounded: 


laterally by the inferior epigastric artery; 

medially by the rectus abdominis muscle; and 

inferiorly by the inguinal ligament (Fig. 4.50). 

Internally, a thickening of the transversalis fascia 
(the iliopubic tract) follows the course of the inguinal liga- 
ment (Fig. 4.50). 

This type of inguinal hernia does not traverse the entire 
length of the inguinal canal, but may exit through the super- 
ficial inguinal ring. When this occurs, the peritoneal sac 


acquires a layer of external spermatic fascia and can extend, 
like an indirect hernia, into the scrotum. 
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Fig. 4.50 Right inguinal triangle. A. Internal view. 
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Fig. 4.49 Direct inguinal hernia. 
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Fig. 4.50, cont’d Right inguinal triangle. B. Laparoscopic view showing the parietal peritoneum still covering the area. 


In the clinic 


Masses around the groin 

Around the groin there is a complex confluence of 
anatomical structures. Careful examination and good 
anatomical knowledge allows determination of the 
correct anatomical structure from which the mass arises 
and therefore the diagnosis. The most common masses in 
the groin are hernias. 

The key to groin examination is determining the 
position of the inguinal ligament. The inguinal ligament 
passes between the anterior superior iliac spine laterally 
and the pubic tubercle medially. Inguinal hernias are 
above the inguinal ligament and are usually more 
apparent on standing. A visual assessment of the lump is 
necessary, bearing in mind the anatomical landmarks of 
the inguinal ligament. 

In men, it is wise to examine the scrotum to check for a 
lump. If an abnormal mass is present, an inability to feel 
its upper edge suggests that it may originate from the 
inguinal canal and might be a hernia. By placing the hand 
over the lump and asking the patient to cough, the lump 
bulges outward. 

An attempt should be made to reduce the swelling by 
applying gentle, firm pressure over the lump. If the lump 
is reducible, the hand should be withdrawn and careful 
observation will reveal recurrence of the mass. 

The position of an abnormal mass in the groin relative 
to the pubic tubercle is very important, as are the 


presence of increased temperature and pain, which may 
represent early signs of strangulation or infection. 
As a general rule: 


= an inguinal hernia appears through the superficial 
inguinal ring above the pubic tubercle and crest; and 

= a femoral hernia (see below) appears through the 
femoral canal below and lateral to the pubic tubercle. 


A hernia is the protrusion of a viscus, in part or in 
whole, through a normal or abnormal opening. The viscus 
usually carries a covering of parietal peritoneum, which 
forms the lining of the hernial sac. 


Inguinal hernias 
Hernias occur in a variety of regions. The commonest site 
is the groin of the lower anterior abdominal wall. In some 
patients, inguinal hernias are present from birth 
(congenital) and are caused by the persistence of the 
processus vaginalis and the passage of viscera through 
the inguinal canal. Acquired hernias occur in older 
patients and causes include raised intra-abdominal 
pressure (e.g., from repeated coughing associated with 
lung disease), damage to nerves of the anterior abdominal 
wall (e.g., from surgical abdominal incisions), and 
weakening of the walls of the inguinal canal. 

One of the potential problems with hernias is that 
bowel and fat may become stuck within the hernial sac. 


In the clinic—cont’d 


This can cause appreciable pain and bowel obstruction, 
necessitating urgent surgery. Another potential risk is 
strangulation of the hernia, in which the blood supply 
to the bowel is cut off at the neck of the hernial sac, 
rendering the bowel ischemic and susceptible to 
perforation. 

The hernial sac of an indirect inguinal hernia enters 
the deep inguinal ring and passes through the inguinal 
canal. If the hernia is large enough, the hernial sac may 
emerge through the superficial inguinal ring. In men, 
such a hernia may extend into the scrotum (Fig. 4.51). 

The hernial sac of a direct inguinal hernia pushes 
forward through the posterior wall of the inguinal canal 
immediately posterior to the superficial inguinal ring. 
The hernia protrudes directly forward medial to the 
inferior epigastric vessels and through the superficial 
inguinal ring. 

The differentiation between an indirect and a direct 
inguinal hernia is made during surgery when the 
inferior epigastric vessels are identified at the medial 
edge of the deep internal ring: 


= an indirect hernial sac passes lateral to the inferior 
epigastric vessels; 
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Fig. 4.51 Right indirect inguinal hernia. T2, fat saturated, 
weighted magnetic resonance image in the coronal plane of a 
male groin. 





Regional anatomy ° Inguinal hernias 


= a direct hernia is medial to the inferior epigastric 
vessels. 


Inguinal hernias occur more commonly in men than 
in women possibly because men have a much larger 
inguinal canal than women. 


Femoral hernias 

A femoral hernia passes through the femoral canal and 
into the medial aspect of the anterior thigh. The femoral 
canal lies at the medial edge of the femoral sheath, 
which contains the femoral artery, femoral vein, and 
lymphatics. The neck of the femoral canal is extremely 
narrow and is prone to trapping bowel within the sac, so 
making this type of hernia irreducible and susceptible to 
bowel strangulation. Femoral hernias are usually 
acquired, are not congenital, and most commonly occur 
in middle-aged and elderly populations. In addition, 
because women generally have wider pelvises than 
men, they tend to occur more commonly in women. 


Umbilical hernias 
Umbilical hernias are rare. Occasionally, they are 
congenital and result from failure of the small bowel to 
return to the abdominal cavity from the umbilical cord 
during development. After birth, umbilical hernias may 
result from incomplete closure of the umbilicus (navel). 
Overall, most of these hernias close in the first year of life, 
and surgical repair is not generally attempted until later. 
Para-umbilical hernias may occur in adults at and 
around the umbilicus and often have small necks, so 
requiring surgical treatment. 


Incisional hernias 

Incisional hernias occur through a defect in a scar of a 
previous abdominal operation. Usually, the necks of 
these hernias are wide and do not therefore strangulate 
the viscera they contain. 


Other hernias 

A spigelian hernia passes upward through the arcuate 
line into the lateral border at the lower part of the 
posterior rectus sheath. It may appear as a tender 

mass on one side of the lower anterior abdominal 

wall. 

Abdominopelvic cavity hernias can also develop in 
association with the pelvic walls, and sites include the 
obturator canal, the greater sciatic foramen, above and 
below the piriformis muscle. 
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ABDOMINAL VISCERA 


Peritoneum 


A thin membrane (the peritoneum) lines the walls of the 
abdominal cavity and covers much of the viscera. The pari- 
etal peritoneum lines the walls of the cavity and the vis- 
ceral peritoneum covers the viscera. Between the parietal 
and visceral layers of peritoneum is a potential space (the 
peritoneal cavity). Abdominal viscera either are suspended 
in the peritoneal cavity by folds of peritoneum (mesen- 
teries) or are outside the peritoneal cavity. Organs 
suspended in the cavity are referred to as intraperitoneal 
(Fig. 4.52); organs outside the peritoneal cavity, with only 
one surface or part of one surface covered by peritoneum, 
are retroperitoneal. 


Innervation of the peritoneum 


The parietal peritoneum associated with the abdominal 
wall is innervated by somatic afferents carried in branches 
of the associated spinal nerves and is therefore sensitive to 
well-localized pain. The visceral peritoneum is innervated 
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Fig. 4.53 Greater and lesser sacs of the peritoneal cavity. 
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by visceral afferents that accompany autonomic nerves 
(sympathetic and parasympathetic) back to the central 
nervous system. Activation of these fibers can lead to 
referred and poorly localized sensations of discomfort, and 
to reflex visceral motor activity. 


Peritoneal cavity 


The peritoneal cavity is subdivided into the greater sac and 
the omental bursa (lesser sac; Fig. 4.53). 


= The greater sac accounts for most of the space in the 
peritoneal cavity, beginning superiorly at the dia- 
phragm and continuing inferiorly into the pelvic cavity. 
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It is entered once the parietal peritoneum has been 
penetrated. 

= The omental bursa is a smaller subdivision of the peri- 
toneal cavity posterior to the stomach and liver and is 
continuous with the greater sac through an opening, 
the omental (epiploic) foramen (Fig. 4.54). 


Surrounding the omental (epiploic) foramen are numer- 
ous structures covered with peritoneum. They include the 
portal vein, hepatic artery proper, and bile duct anteriorly; 
the inferior vena cava posteriorly; the caudate lobe of 


the liver superiorly; and the first part of the duodenum 
inferiorly. 
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Fig. 4.54 Transverse section illustrating the continuity between the greater and lesser sacs through the omental (epiploic foramen). 
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In the clinic 


Peritoneum 

A small volume of peritoneal fluid within the peritoneal 
cavity lubricates movement of the viscera suspended in 
the abdominal cavity. 

The peritoneal space has a large surface area, which 
facilitates the spread of disease through the peritoneal 
cavity and over the bowel and visceral surfaces. 
Conversely, this large surface area can be used for 
administering certain types of treatment and a number of 
procedures. 


Ventriculoperitoneal shunts 

Patients with obstructive hydrocephalus (an excessive 
accumulation of cerebrospinal fluid within the cerebral 
ventricular system) require continuous drainage of this 
fluid. This is achieved by placing a fine-bore catheter 
through the skull into the cerebral ventricles and placing 
the extracranial part of the tube beneath the scalp and 
skin of the chest wall and then passing it through the 
abdominal wall into the peritoneal cavity. Cerebrospinal 
fluid drains through the tube into the peritoneal cavity 
where it is absorbed. 


Dialysis and peritoneal dialysis 
People who develop renal failure require dialysis to live. 
There are two methods. 

In the first method (hemodialysis), blood is taken from 
the circulation, dialyzed through a complex artificial 
membrane, and returned to the body. A high rate of 
blood flow is required to remove excess body fluid, 
exchange electrolytes, and remove noxious metabolites. 
To accomplish this, either an arteriovenous fistula is 
established surgically (by connecting an artery to a vein, 
usually in the upper limb, and requiring approximately six 
weeks to “mature”) and is cannulated each time the 
patient returns for dialysis, or a large-bore cannula is 
placed into the right atrium, through which blood can be 
aspirated and returned. 

In the second method of dialysis, the peritoneum is 
used as the dialysis membrane. The large surface area of 
the peritoneal cavity is an ideal dialysis membrane for 
fluid and electrolyte exchange. To accomplish dialysis, a 
small tube is inserted through the abdominal wall and 
dialysis fluid is injected into the peritoneal cavity. 
Electrolytes and molecules are exchanged across the 
peritoneum between the fluid and blood. Once dialysis is 
completed, the fluid is drained. 


Peritoneal spread of disease 

The large surface area of the peritoneal cavity allows 
infection and malignant disease to spread easily 
throughout the abdomen (Fig. 4.55). If malignant cells 
enter the peritoneal cavity by direct invasion (e.g., from 
colon or ovarian cancer) spread may be rapid. Similarly, a 
surgeon excising a malignant tumor and releasing 
malignant cells into the peritoneal cavity may cause an 
appreciable worsening of the patient’s prognosis. 
Infection can also spread across the large surface area. 

The peritoneal cavity can also act as a barrier to, and 
container of, disease. Intra-abdominal infection therefore 
tends to remain below the diaphragm rather than spread 
into other body cavities. 

A perforated bowel (e.g., caused by a perforated 
duodenal ulcer) often leads to the release of gas into the 
peritoneal cavity. This peritoneal gas can be easily 
visualized on an erect chest radiograph—gas can be 
demonstrated in extremely small amounts beneath the 
diaphragm. A patient with severe abdominal pain and 
subdiaphragmatic gas needs a laparotomy. 
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Fig. 4.55 Peritoneal metastasis on the surface of the liver. 
Computed tomogram in the axial plane of the upper 
abdomen. 


Omenta, mesenteries, 
and ligaments 


Throughout the peritoneal cavity numerous peritoneal 
folds connect organs to each other or to the abdominal 
wall. These folds (omenta, mesenteries, and ligaments) 
develop from the original dorsal and ventral mesenteries, 
which suspend the developing gastrointestinal tract in the 
embryonic coelomic cavity. Some contain vessels and 
nerves supplying the viscera, while others help maintain 
the proper positioning of the viscera. 


Omenta 


The omenta consist of two layers of peritoneum, which 

pass from the stomach and the first part of the duodenum 

to other viscera. There are two: 

= the greater omentum derived from the dorsal 
mesentery; 

= the lesser omentum derived from the ventral 
mesentery. 


Greater omentum 


The greater omentum is a large, apron-like, peritoneal 
fold that attaches to the greater curvature of the stomach 
and the first part of the duodenum (Fig. 4.56). It drapes 
inferiorly over the transverse colon and the coils of the 
jejunum and ileum (see Fig. 4.53). Turning posteriorly, it 
ascends to associate with, and become adherent to, the 
peritoneum on the superior surface of the transverse colon 
and the anterior layer of the transverse mesocolon before 
arriving at the posterior abdominal wall. 

Usually a thin membrane, the greater omentum always 
contains an accumulation of fat, which may become sub- 
stantial in some individuals. Additionally, there are two 
arteries and accompanying veins, the right and left 
gastro-omental vessels, between this double-layered 
peritoneal apron just inferior to the greater curvature of 
the stomach. 


Lesser omentum 


The other two-layered peritoneal omentum is the lesser 
omentum (Fig. 4.57). It extends from the lesser curvature 
of the stomach and the first part of the duodenum to the 
inferior surface of the liver (Figs. 4.53 and 4.57). 

A thin membrane continuous with the peritoneal cov- 
erings of the anterior and posterior surfaces of the stomach 
and the first part of the duodenum, the lesser omentum is 
divided into: 





Greater omentum 


Fig. 4.56 Greater omentum. 


= a medial hepatogastric ligament, which passes 
between the stomach and liver; and 

= a lateral hepatoduodenal ligament, which passes 
between the duodenum and liver. 


The hepatoduodenal ligament ends laterally as a free 
margin and serves as the anterior border of the omental 
foramen (Fig. 4.54). Enclosed in this free edge are the 
hepatic artery proper, the bile duct, and the portal vein. 
Additionally, the right and left gastric vessels are between 
the layers of the lesser omentum near the lesser curvature 
of the stomach. 
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Fig. 4.57 Lesser omentum. 


In the clinic 


The greater omentum 

When a laparotomy is performed and the peritoneal cavity 
is opened, the first structure usually encountered is the 
greater omentum. This fatty double-layered vascular 
membrane hangs like an apron from the greater curvature 
of the stomach, drapes over the transverse colon, and lies 
freely suspended within the abdominal cavity. It is often 
referred to as the “policeman of the abdomen” because of 
its apparent ability to migrate to any inflamed area and 
wrap itself around the organ to wall off inflammation. 
When a part of bowel becomes inflamed, it ceases 
peristalsis. This aperistaltic area is referred to as a local 
paralytic ileus. The remaining noninflamed part of the 
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bowel continues to move and “massages” the greater 
omentum to the region where there is no peristalsis. The 
localized inflammatory reaction spreads to the greater 
omentum, which then adheres to the diseased area of 
bowel. 

The greater omentum is also an important site for 
metastatic tumor spread. Direct omental spread by a 
transcoelomic route is common for carcinoma of the 
ovary. As the metastases develop within the greater 
omentum, it becomes significantly thickened. 

In computed tomography imaging and during 
laparotomy, the thickened omentum is referred to as an 
“omental cake.” 


Mesenteries 


Mesenteries are peritoneal folds that attach viscera to the 
posterior abdominal wall. They allow some movement and 
provide a conduit for vessels, nerves, and lymphatics to 
reach the viscera and include: 


= the mesentery—associated with parts of the small 
intestine; 

= the transverse mesocolon—associated with the trans- 
verse colon; and 

= the sigmoid mesocolon—associated with the sigmoid 
colon. 


All of these are derivatives of the dorsal mesentery. 


Mesentery 


The mesentery is a large, fan-shaped, double-layered fold 
of peritoneum that connects the jejunum and ileum to the 
posterior abdominal wall (Fig. 4.58). Its superior attach- 
ment is at the duodenojejunal junction, just to the left of 
the upper lumbar part of the vertebral column. It passes 
obliquely downward and to the right, ending at the ileoce- 
cal junction near the upper border of the right sacro-iliac 
joint. In the fat between the two peritoneal layers of the 
mesentery are the arteries, veins, nerves, and lymphatics 
that supply the jejunum and ileum. 


Transverse mesocolon 


The transverse mesocolon is a fold of peritoneum that 
connects the transverse colon to the posterior abdominal 
wall (Fig. 4.58). Its two layers of peritoneum leave the 
posterior abdominal wall across the anterior surface of the 
head and body of the pancreas and pass outward to sur- 
round the transverse colon. Between its layers are the 
arteries, veins, nerve, and lymphatics related to the 
transverse colon. The anterior layer of the transverse 
mesocolon is adherent to the posterior layer of the greater 
omentum. 


Sigmoid mesocolon 


The sigmoid mesocolon is an inverted, V-shaped perito- 
neal fold that attaches the sigmoid colon to the abdominal 
wall (Fig. 4.58). The apex of the V is near the division of 
the left common iliac artery into its internal and external 
branches, with the left limb of the descending V along the 
medial border of the left psoas major muscle and the right 
limb descending into the pelvis to end at the level of verte- 
bra SIII. The sigmoid and superior rectal vessels, along 
with the nerves and lymphatics associated with the sigmoid 
colon, pass through this peritoneal fold. 


Ligaments 


Peritoneal ligaments consist of two layers of peritoneum 
that connect two organs to each other or attach an organ 
to the body wall, and may form part of an omentum. They 
are usually named after the structures being connected. 
For example, the splenorenal ligament connects the left 
kidney to the spleen and the gastrophrenic ligament con- 
nects the stomach to the diaphragm. 


Organs 
Abdominal esophagus 


The abdominal esophagus represents the short distal part 
of the esophagus located in the abdominal cavity. Emerg- 
ing through the right crus of the diaphragm, usually at the 
level of vertebra TX, it passes from the esophageal hiatus 
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Fig. 4.58 Peritoneal reflections, forming mesenteries, outlined on 
the posterior abdominal wall. 
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to the cardial orifice of the stomach just left of the midline 
(Fig. 4.59). 

Associated with the esophagus, as it enters the abdomi- 
nal cavity, are the anterior and posterior vagal trunks: 


= the anterior vagal trunk consists of several smaller 
trunks whose fibers mostly come from the left vagus 
nerve; rotation of the gut during development moves 
these trunks to the anterior surface of the esophagus; 

= similarly, the posterior vagal trunk consists of a 
single trunk whose fibers mostly come from the right 
vagus nerve, and rotational changes during develop- 
ment move this trunk to the posterior surface of the 
esophagus. 


The arterial supply to the abdominal esophagus (Fig. 
4.60) includes: 


= esophageal branches from the left gastric artery (from 
the celiac trunk); and 

= esophageal branches from the left inferior phrenic 
artery (from the abdominal aorta). 
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Fig. 4.59 Abdominal esophagus. 


Stomach 


The stomach is the most dilated part of the gastrointestinal 
tract and has a J-like shape (Figs. 4.61 and 4.62). Posi- 
tioned between the abdominal esophagus and the small 
intestine, the stomach is in the epigastric, umbilical, and 
left hypochondrium regions of the abdomen. 

The stomach is divided into four regions: 


= the cardia, which surrounds the opening of the esoph- 
agus into the stomach; 

= the fundus of stomach, which is the area above the 
level of the cardial orifice; 

= thebody of stomach, which is the largest region of the 
stomach; 

= the pyloric part, which is divided into the pyloric 
antrum and pyloric canal and is the distal end of the 
stomach (Figs. 4.61 and 4.62B). 


The most distal portion of the pyloric part of the stomach 
is the pylorus (Fig. 4.61). It is marked on the surface of the 
organ by the pyloric constriction and contains a thick- 
ened ring of gastric circular muscle, the pyloric sphinc- 
ter, that surrounds the distal opening of the stomach, the 
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Fig. 4.60 Arterial supply to the abdominal esophagus and 
stomach. 
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Fig. 4.62 Radiograph, using barium, showing the stomach and duodenum. A. Double contrast radiograph of the stomach. B. Double contrast 


radiograph showing the duodenal cap. 


299 





300 


Abdomen 


= the left gastro-omental artery from the splenic artery; 
and 

= the posterior gastric artery from the splenic artery 
(variant and not always present). 


Small intestine 


The small intestine is the longest part of the gastrointesti- 
nal tract and extends from the pyloric orifice of the stomach 
to the ileocecal fold. This hollow tube, which is approxi- 
mately 6-7 m long with a narrowing diameter from begin- 
ning to end, consists of the duodenum, the jejunum, and 
the ileum. 


Duodenum 


The first part of the small intestine is the duodenum. This 
C-shaped structure, adjacent to the head of the pancreas, 
is 20-25 cm long and is above the level of the umbilicus; 
its lumen is the widest of the small intestine (Fig. 4.63). It 
is retroperitoneal except for its beginning, which is con- 
nected to the liver by the hepatoduodenal ligament, a part 
of the lesser omentum. 
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Fig. 4.63 Duodenum. 





The duodenum is divided into four parts (Fig. 4.63). 


The superior part (first part) extends from the pyloric 
orifice of the stomach to the neck of the gallbladder, is 
just to the right of the body of vertebra LI, and passes 
anteriorly to the bile duct, gastroduodenal artery, portal 
vein, and inferior vena cava. Clinically, the beginning 
of this part of the duodenum is referred to as the ampulla 
or duodenal cap, and most duodenal ulcers occur in this 
part of the duodenum. 

The descending part (second part) of the duodenum is 
just to the right of midline and extends from the neck of 
the gallbladder to the lower border of vertebra LIII. Its 
anterior surface is crossed by the transverse colon, pos- 
terior to it is the right kidney, and medial to it is the head 
of the pancreas. This part of the duodenum contains 
the major duodenal papilla, which is the common 
entrance for the bile and pancreatic ducts, and the 
minor duodenal papilla, which is the entrance for the 
accessory pancreaticduct, andthejunction of theforegut 
and the midgut just below the major duodenal papilla. 
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= The inferior part (third part) of the duodenum is the 
longest section, crossing the inferior vena cava, the 
aorta, and the vertebral column (Figs. 4.62B and 4.63). 
It is crossed anteriorly by the superior mesenteric artery 
and vein. 

= The ascending part (fourth part) of the duodenum 
passes upward on, or to the left of, the aorta to approxi- 
mately the upper border of vertebra LII and terminates 
at the duodenojejunal flexure. 


This duodenojejunal flexure is surrounded by a fold of 
peritoneum containing muscle fibers called the suspen- 
sory muscle (ligament) of duodenum (ligament of 
Treitz). 

The arterial supply to the duodenum (Fig. 4.64) 
includes: 


= branches from the gastroduodenal artery; 
= the supraduodenal artery from the gastroduodenal 
artery; 
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Fig. 4.64 Arterial supply to the duodenum. 


= duodenal branches from the anterior superior pancre- 
aticoduodenal artery (from the gastroduodenal artery); 

= duodenal branches from the posterior superior pancre- 
aticoduodenal artery (from the gastroduodenal artery); 

= duodenal branches from the anterior inferior pancreati- 
coduodenal artery (from the inferior pancreaticoduo- 
denal artery—a branch of the superior mesenteric 
artery); 

= duodenal branches from the posterior inferior pancre- 
aticoduodenal artery (from the inferior pancreaticodu- 
odenal artery—a branch of the superior mesenteric 
artery); and 

= the first jejunal branch from the superior mesenteric 
artery. 


Jeyunum 
The jejunum and ileum make up the last two sections of 
the small intestine (Fig. 4.65). The jejunum represents the 
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Fig. 4.65 Radiograph, using barium, showing the jejunum and 
ileum. 
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proximal two-fifths. It is mostly in the left upper quadrant A 
of the abdomen and is larger in diameter and has a thicker 
wall than the ileum. Additionally, the inner mucosal lining 
of the jejunum is characterized by numerous prominent 
folds that circle the lumen (plicae circulares). The less 
prominent arterial arcades and longer vasa recta (straight 
arteries) compared to those of the ileum are a unique char- 
acteristic of the jejunum (Fig. 4.66). 

The arterial supply to the jejunum includes jejunal 
arteries from the superior mesenteric artery. 


Ileum 


The ileum makes up the distal three-fifths of the small 
intestine and is mostly in the right lower quadrant. Com- 
pared to the jejunum, the ileum has thinner walls, fewer Cecum Terminal ileum 
and less prominent mucosal folds (plicae circulares), 
shorter vasa recta, more mesenteric fat, and more arterial 
arcades (Fig. 4.66). 

The ileum opens into the large intestine where the 
cecum and ascending colon join together. Two flaps pro- Rendra 
jecting into the lumen of the large intestine (the ileocecal colon 
fold) surround the opening (Fig. 4.67). The flaps of the 
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Fig. 4.67 Ileocecal junction. A. Radiograph showing ileocecal 
junction. B. Illustration showing ileocecal junction and the 
ileocecal fold. C. Endoscopic image of the ileocecal fold. 





Fig. 4.66 Differences in the arterial supply to the small intestine. 
302 A. Jejunum. B. Ileum. 


ileocecal fold come together at their end forming ridges. 
Musculature from the ileum continues into each flap, 
forming a sphincter. Possible functions of the ileocecal fold 
include preventing reflux from the cecum to the ileum, and 
regulating the passage of contents from the ileum to the 
cecum. 

The arterial supply to the ileum (Fig. 4.68) includes: 


= ileal arteries from the superior mesenteric artery; and 
= anileal branch from the ileocolic artery (from the supe- 
rior mesenteric artery). 


In the clinic 


Epithelial transition between the abdominal 
esophagus and stomach 

The gastroesophageal junction is demarcated by a 
transition from one epithelial type to another epithelial 
type. In some people, the histological junction does not 
lie at the physiological gastroesophageal junction, but is 
in the lower one-third of the esophagus. This may 
predispose to esophageal ulceration, and is also 
associated with an increased risk of adenocarcinoma. 
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Fig. 4.68 Arterial supply to the ileum. 





In the clinic 


Duodenal ulceration 

Duodenal ulcers usually occur in the superior part of the 
duodenum and are much less common than they were 
50 years ago. At first, there was no treatment and 
patients died from hemorrhage or peritonitis. As 
surgical techniques developed, patients with duodenal 
ulcers were subjected to extensive upper 
gastrointestinal surgery to prevent ulcer recurrence and 
for some patients the treatment was dangerous. As 
knowledge and understanding of the mechanisms for 
acid secretion in the stomach increased, drugs were 
developed to block acid stimulation and secretion 
indirectly (histamine H,-receptor antagonists) and these 
have significantly reduced the morbidity and mortality 
rates of this disease. Pharmacological therapy can now 
directly inhibit the cells of the stomach that produce 
acid with, for example, proton pump inhibitors. Patients 
are also screened for the bacteria Helicobacter pylori, 
which when eradicated (by antibiotic treatment) 
significantly reduces duodenal ulcer formation. 

Anatomically, duodenal ulcers tend to occur either 
anteriorly or posteriorly. 

Posterior duodenal ulcers erode either directly onto 
the gastroduodenal artery or, more commonly, onto the 
posterior superior pancreaticoduodenal artery, which 
can produce torrential hemorrhage, which may be fatal 
in some patients. Treatment may involve extensive 
upper abdominal surgery with ligation of the vessels or 
by endovascular means whereby the radiologist may 
place a very fine catheter retrogradely from the femoral 
artery into the celiac artery. The common hepatic artery 
and the gastroduodenal artery are cannulated and the 
bleeding area may be blocked using small coils, which 
stem the flow of blood. 

Anterior duodenal ulcers erode into the peritoneal 
cavity, causing peritonitis. This intense inflammatory 
reaction and the local ileus promote adhesion of the 
greater omentum, which attempts to seal off the 
perforation. The stomach and duodenum usually 
contain considerable amounts of gas, which enters the 
peritoneal cavity and can be observed on a chest 
radiograph of an erect patient as subdiaphragmatic gas. 
In most instances, treatment for the ulcer is surgical. 
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In the clinic 


Examination of the upper gastrointestinal tract 
It is often necessary to examine the esophagus, 
stomach, duodenum, and proximal jejunum for disease. 
After taking an appropriate history and examining the 
patient, most physicians arrange a series of simple 
blood tests to look for bleeding, inflammation, and 
tumors. The next steps in the investigation assess the 
three components of any loop of bowel, namely, the 
lumen, the wall, and masses extrinsic to the bowel, 
which may compress or erode 

into it. 


Examination of the bowel Lumen 

Barium sulfate solutions may be swallowed by the 
patient and can be visualized using an X-ray fluoroscopy 
unit. The lumen can be examined for masses (e.g. 
polyps and tumors) and peristaltic waves can be 
assessed. Patients may also be given carbon dioxide- 
releasing granules to fill the stomach so that the barium 
thinly coats the mucosa, resulting in images displaying 
fine mucosal detail. These tests are relatively simple and 
can be used to image the esophagus, stomach, 
duodenum, and small bowel. 


Examination of the bowel wall and 

extrinsic masses 

Endoscopy is a minimally invasive diagnostic medical 
procedure that can be used to assess the interior 
surfaces of an organ by inserting a tube into the body. 
The instrument is typically made of a flexible plastic 
material through which a light source and eye piece are 
attached at one end. Some systems allow passage of 
small instruments through the main bore of the 
endoscope to obtain biopsies and to also undertake 
small procedures (e.g., the removal of polyps). 


In gastrointestinal and abdominal medicine an 
endoscope is used to assess the esophagus, 
stomach, duodenum and proximal small bowel 
(Figs. 4.69-4.72). The tube is swallowed by the 
patient under light sedation and is extremely well 
tolerated. 

Assessment of the colon is performed by passage 
of the tube through the anus and into the rectum. 
The whole of the colon can be readily assessed; 
biopsies and stents can also be performed using this 
device. 





Fig. 4.69 The endoscope is a flexible plastic tube that can be 
controlled from the proximal end. Through a side portal 
various devices can be inserted, which run through the 
endoscope and can be used to obtain biopsies and to perform 
small endoluminal surgery (e.g., excision of polyps). 
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In the clinic—cont’d 























Fig. 4.71 Endoscopic image of the pyloric antrum of the Fig. 4.72 Endoscopic image showing normal appearance of 
stomach looking toward the pylorus. the second part of the duodenum. 
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In the clinic 


Meckel’s diverticulum 

A Meckel’s diverticulum (Fig. 4.73) is the remnant of the 
proximal part of the yolk stalk (vitelline duct), which 
extends into the umbilical cord in the embryo and lies 
on the antimesenteric border of the ileum. Although it 
is an uncommon finding (occurring in approximately 
2% of the population), it is always important to consider 
the diagnosis of Meckel’s diverticulum because it does 
produce symptoms in a small number of patients. 
Typical findings include hemorrhage, intussusception, 
diverticulitis, ulceration, and obstruction. 


Ileum 
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Fig. 4.73 Vasculature associated with a Meckel’s diverticulum. 
Digital subtraction angiography. 


In the clinic 


Computed tomography (CT) scanning and 
magnetic resonance imaging (MRI) 

These imaging techniques can provide important 
information about the wall of the bowel that may not 
be obtained from barium or endoscopic studies. 
Thickening of the wall may indicate inflammatory 
change or tumor and is always regarded with suspicion. 
If a tumor is demonstrated, the locoregional spread can 
be assessed, along with lymphadenopathy and 
metastatic spread. 


Advanced imaging methods 

A small ultrasound device placed on the end of the 
endoscope can produce extremely high-powered views 
of the mucosa and submucosa of the upper 
gastrointestinal tract. These views can show whether a 
tumor is resectable and guide the clinician in taking a 
biopsy. 


In the clinic 


Carcinoma of the stomach 

Carcinoma of the stomach is a common gastrointestinal 
malignancy. Chronic gastric inflammation (gastritis), 
pernicious anemia, and polyps predispose to the 
development of this aggressive cancer, which is usually 
not diagnosed until late in the course of the disease. 
Symptoms include vague epigastric pain, early fullness 
with eating, bleeding leading to chronic anemia, and 
obstruction. 

The diagnosis may be made using barium and 
conventional radiology or endoscopy, which allows a 
biopsy to be obtained at the same time. Ultrasound 
scanning is used to check the liver for metastatic 
spread, and, if negative, computed tomography is 
carried out to assess for surgical resectability. If 
carcinoma of the stomach is diagnosed early, a curative 
surgical resection is possible. However, because most 
patients don’t seek treatment until late in the disease, 
the overall 5-year survival rate is between 5% and 20%, 
with a mean survival time of between 5 and 8 months. 


Large intestine 


The large intestine extends from the distal end of the ileum 
to the anus, a distance of approximately 1.5 m in adults. It 
absorbs fluids and salts from the gut contents, thus forming 
feces, and consists of the cecum, appendix, colon, rectum, 
and anal canal (Figs. 4.74 and 4.75). 

Beginning in the right groin as the cecum, with its asso- 
ciated appendix, the large intestine continues upward as 
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Fig. 4.74 Large intestine. 
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the ascending colon through the right flank and into the 
right hypochondrium (Fig. 4.76). Just below the liver, it 
bends to the left, forming the right colic flexure (hepatic 
flexure), and crosses the abdomen as the transverse 
colon to the left hypochondrium. At this position, just 
below the spleen, the large intestine bends downward, 
forming the left colic flexure (splenic flexure), and con- 
tinues as the descending colon through the left flank and 
into the left groin. 
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Fig. 4.75 Radiograph, using barium, showing the large intestine. 


It enters the upper part of the pelvic cavity as the sigmoid 
colon, continues on the posterior wall of the pelvic cavity 
as the rectum, and terminates as the anal canal. 

The general characteristics of most of the large intestine 
(Fig. 4.74) are: 


= its large internal diameter compared to that of the small 
intestine; 

= peritoneal-covered accumulations of fat (the omental 
appendices) are associated with the colon; 

the segregation of longitudinal muscle in its walls into 
three narrow bands (the taeniae coli), which are pri- 
marily observed in the cecum and colon and less visible 
in the rectum; and 

the sacculations of the colon (the haustra of colon). 
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Fig. 4.76 Position of the large intestine in the nine-region 
organizational pattern. 


Cecum and appendix 


The cecum is the first part of the large intestine (Fig. 4.77). 
It is inferior to the ileocecal opening and in the right iliac 
fossa. It is an intraperitoneal structure because of its mobil- 
ity not because of its suspension by a mesentery. 

The cecum is continuous with the ascending colon at 
the entrance of the ileum and is usually in contact with the 
anterior abdominal wall. It may cross the pelvic brim to lie 
in the true pelvis. The appendix is attached to the postero- 
medial wall of the cecum, just inferior to the end of the 
ileum (Fig. 4.77). 

The appendix is a narrow, hollow, blind-ended tube 
connected to the cecum. It has large aggregations of lym- 
phoid tissue in its walls and is suspended from the terminal 
ileum by the mesoappendix (Fig. 4.78), which contains 
the appendicular vessels. Its point of attachment to the 
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Fig. 4.77 Cecum and appendix. 


cecum is consistent with the highly visible free taenia 
leading directly to the base of the appendix, but the loca- 
tion of the rest of the appendix varies considerably (Fig. 
4.79). It may be: 


= posterior to the cecum or the lower ascending colon, or 
both, in a retrocecal or retrocolic position; 

= suspended over the pelvic brim in a pelvic or descending 
position; 

= below the cecum in a subcecal location; or 

= anterior to the terminal ileum, possibly contacting the 
body wall, in a pre-ileal position or posterior to the ter- 
minal ileum in a postileal position. 


The surface projection of the base of the appendix is at 
the junction of the lateral and middle one-third of a line 
from the anterior superior iliac spine to the umbilicus 
(McBurney’s point). People with appendicular problems 
may describe pain near this location. 
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Fig. 4.78 Mesoappendix and appendicular vessels. 
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Fig. 4.79 Positions of the appendix. 
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The arterial supply to the cecum and appendix (Fig. 
4.80) includes: 


Super mesenteric artery 


lleocolic artery 
= the anterior cecal artery from the ileocolic artery (from 


the superior mesenteric artery); 

= the posterior cecal artery from the ileocolic artery (from 
the superior mesenteric artery); and 

= the appendicular artery from the ileocolic artery (from 


the superior mesenteric artery). A EIEE PE 


Colon Posterior cecal artery 


The colon extends superiorly from the cecum and consists 
of the ascending, transverse, descending, and sigmoid 
colon (Fig. 4.82). Its ascending and descending segments 
are (secondarily) retroperitoneal and its transverse and 
sigmoid segments are intraperitoneal. 

At the junction of the ascending and transverse colon is 
the right colic flexure, which is just inferior to the right lobe Fig. 4.80 Arterial supply to the cecum and appendix. 


Appendicular artery 


In the clinic 


Thickened wall 


Appendicitis 

Acute appendicitis is an abdominal emergency. It usually 
occurs when the appendix is obstructed by either a 
fecalith or enlargement of the lymphoid nodules. Within 
the obstructed appendix, bacteria proliferate and invade 
the appendix wall, which becomes damaged by pressure 
necrosis. In some instances, this may resolve 
spontaneously; in other cases, inflammatory change (Fig. 
4.81) continues and perforation ensues, which may lead to 
localized or generalized peritonitis. 

Most patients with acute appendicitis have localized 
tenderness in the right groin. Initially, the pain begins as a 
central, periumbilical, colicky type of pain, which tends to 
come and go. After 6-10 hours, the pain tends to localize 
in the right iliac fossa and becomes constant. Patients may 
develop a temperature, nausea, and vomiting. The 
etiology of the pain for appendicitis is described in 
Chapter 1 on p. 53. 

The treatment for appendicitis is appendectomy. 





Gas in lumen 


Fig. 4.81 Inflamed appendix. Ultrasound scan. 
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Fig. 4.82 Colon. 


of the liver (Fig. 4.83). A similar, but more acute bend (the 
left colic flexure) occurs at the junction of the transverse 
and descending colon. This bend is just inferior to the 
spleen, higher and more posterior than the right colic 
flexure, and is attached to the diaphragm by the phrenico- 
colic ligament. 
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Fig. 4.83 Right and left colic flexures. 


Immediately lateral to the ascending and descending 
colons are the right and left paracolic gutters (Fig. 
4.82). These depressions are formed between the lateral 
margins of the ascending and descending colon and the 
posterolateral abdominal wall and are gutters through 
which material can pass from one region of the peritoneal 
cavity to another. Because major vessels and lymphatics 
are on the medial or posteromedial sides of the ascending 
and descending colon, a relatively blood-free mobilization 
of the ascending and descending colon is possible by cutting 
the peritoneum along these lateral paracolic gutters. 

The final segment of the colon (the sigmoid colon) begins 
above the pelvic inlet and extends to the level of vertebra 
SHI, where it is continuous with the rectum (Fig. 4.82). 
This S-shaped structure is quite mobile except at its begin- 
ning, where it continues from the descending colon, and 
at its end, where it continues as the rectum. Between these 
points, it is suspended by the sigmoid mesocolon. 

The arterial supply to the ascending colon (Fig. 4.84) 
includes: 


= the colic branch from the ileocolic artery (from the 
superior mesenteric artery); 

= the anterior cecal artery from the ileocolic artery (from 
the superior mesenteric artery); 

= the posterior cecal artery from the ileocolic artery (from 
the superior mesenteric artery); and 

= the right colic artery from the superior mesenteric 
artery. 


The arterial supply to the transverse colon (Fig. 4.84) 
includes: 
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= the right colic artery from the superior mesenteric 
artery; 

= the middle colic artery from the superior mesenteric 
artery; and 

= the left colic artery from the inferior mesenteric artery. 


The arterial supply to the descending colon (Fig. 4.84) 
includes the left colic artery from the inferior mesenteric 
artery. 

The arterial supply to the sigmoid colon (Fig. 4.84) 
includes sigmoidal arteries from the inferior mesenteric 
artery. 


Rectum and anal canal 


Extending from the sigmoid colon is the rectum (Fig. 4.85). 
The rectosigmoid junction is usually described as being 
at the level of vertebra SIII or at the end of the sigmoid 
mesocolon because the rectum is a retroperitoneal 
structure. 

The anal canal is the continuation of the large intestine 
inferior to the rectum. 

The arterial supply to the rectum and anal canal (Fig. 
4.86) includes: 
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Fig. 4.84 Arterial supply to the colon. 
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Fig. 4.85 Rectum and anal canal. 
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Fig. 4.86 Arterial supply to the rectum and anal canal. Posterior 
view. 
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the superior rectal artery from the inferior mesenteric the inferior rectal artery from the internal pudendal 
artery; artery (from the internal iliac artery). 

the middle rectal artery from the internal iliac artery; 

and 


In the clinic 


Congenital disorders of the gastrointestinal tract returned to the abdominal coelom (Figs. 4.87 and 4.88). 
The normal positions of the abdominal viscera result The proximal attachment of the small bowel mesentery 
from a complex series of rotations that the gut tube begins at the suspensory muscle of duodenum 
undergoes and from the growth of the abdominal (ligament of Treitz), which determines the position of 
cavity to accommodate changes in the size of the the duodenojejunal junction. The mesentery of the 
developing organs. A number of developmental small bowel ends at the level of the ileocecal junction in 
anomalies can occur during gut development, many of the right lower quadrant. This long line of fixation of the 
which appear in the neonate or infant, and some of mesentery prevents accidental twists of the gut. 
which are surgical emergencies. Occasionally, such If the duodenojejunal flexure or the cecum does not 
disorders are diagnosed only in adults. end up in its usual site, the origin of the small bowel 
mesentery shortens, which permits twisting of the small 
Malrotation and midgut volvulus bowel around the axis of the superior mesenteric artery. 
Malrotation is incomplete rotation and fixation of the Twisting of the bowel, in general, is termed volvulus. 
midgut after it has passed from the umbilical sac and Volvulus of the small bowel may lead to a reduction of 


blood flow and infarction. 

In some patients, the cecum ends up in the 
midabdomen. From the cecum and the right side of the 
colon a series of peritoneal folds (Ladd’s bands) 
develop that extend to the right undersurface of the 
liver and compress the duodenum. A small bowel 
volvulus may then occur as well as duodenal 
obstruction. Emergency surgery may be necessary to 
divide the bands. 


Stomach Pylorus Duodenum 





| 
Ribbon-twisted duodenum and proximal jejunum Jejunum 


Fig. 4.87 Small bowel malrotation and volvulus. Radiograph of Fig. 4.88 Small bowel malrotation. Radiograph of stomach, 
stomach, duodenum, and upper jejunum using barium. duodenum, and jejunum using barium. 313 
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Abdomen 


In the clinic 


Bowel obstruction 

A bowel obstruction can be either functional or due to a 
true obstruction. Mechanical obstruction is caused by 
an intraluminal, mural or extrinsic mass which can be 
secondary to a foreign body, obstructing tumor in the 
wall, or extrinsic compression from an adhesion, or 
embryological band (Fig. 4.89). 

A functional obstruction is usually due to an inability 
of the bowel to peristalse, which again has a number of 
causes, and most frequently is a postsurgical state due 
to excessive intraoperative bowel handling. Other 
causes may well include abnormality of electrolytes 
(e.g., sodium and potassium) rendering the bowel 
paralyzed until correction has occurred. 

The signs and symptoms of obstruction depend on 
the level at which the obstruction has occurred. The 
primary symptom is central abdominal, intermittent, 
colicky pain as the peristaltic waves try to overcome the 
obstruction. Abdominal distention will occur if it is a 
low obstruction (distal), allowing more proximal loops 
of bowel to fill with fluid. A high obstruction (in the 


Valvulae coniventes 
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Dilation of small bowel 


Fig. 4.89 This radiograph of the abdomen, anterior-posterior 
view, demonstrates a number of dilated loops of small bowel. 
Small bowel can be identified by the valvulae coniventes that 
pass from wall to wall as indicated. The large bowel is not 
dilated. The cause of the small bowel dilatation is an adhesion 
after pelvic surgery. 


proximal small bowel) may not produce abdominal 
distention. 

Vomiting and absolute constipation, including the 
inability to pass flatus, will ensue. 

Early diagnosis is important because considerable 
fluid and electrolytes enter the bowel lumen and fail to 
be reabsorbed, which produces dehydration and 
electrolyte abnormalities. Furthermore, the bowel 
continues to distend, compromising the blood supply 
within the bowel wall, which may lead to ischemia and 
perforation. The symptoms and signs are variable and 
depend on the level of obstruction. 

Small bowel obstruction is typically caused by 
adhesions following previous surgery, and history 
should always be sought for any operations or 
abdominal interventions (e.g., previous appendectomy). 
Other causes include bowel passing into hernias (e.g., 
inguinal), and bowel twisting on its own mesentery 
(volvulus). Examination of hernial orifices is mandatory 
in patients with bowel obstruction. 

Large bowel obstruction is commonly caused by a 
tumor. Other potential causes include hernias and 
inflammatory diverticular disease of the sigmoid colon. 

The treatment is intravenous replacement of fluid 
and electrolytes, analgesia, and relief of obstruction. The 
passage of a nasogastric tube allows aspiration of fluid 
from the stomach. In many instances, small bowel 
obstruction, typically secondary to adhesions, will settle 
with nonoperative management. Large bowel 
obstruction may require an urgent operation to remove 
the obstructing lesion, or a temporary bypass procedure 
(e.g., defunctioning colostomy) (Fig. 4.90). 
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Distal large bowel Colonic stent Rectum 


Fig. 4.90 This oblique radiograph demonstrates contrast 
passing through a colonic stent that has been placed to 
relieve bowel obstruction prior to surgery. 


In the clinic 


Diverticular disease 

Diverticular disease is the development of multiple colonic 
diverticula, predominantly throughout the sigmoid colon, 
though the whole colon may be affected (Fig. 4.91). 

The sigmoid colon has the smallest diameter of any 
portion of the colon and is therefore the site where 
intraluminal pressure is potentially the highest. Poor 
dietary fiber intake and obesity are also linked to 
diverticular disease. 

The presence of multiple diverticula does not 
necessarily mean the patient requires any treatment. 
Moreover, many patients have no other symptoms or 
signs. 

Patients tend to develop symptoms and signs when 
the neck of the diverticulum becomes obstructed by feces 
and becomes infected. Inflammation may spread along 
the wall, causing abdominal pain. When the sigmoid colon 
becomes inflamed (diverticulitis) abdominal pain and 
fever ensue. 

Because of the anatomical position of the sigmoid 
colon there are a number of complications that may 
occur. The diverticula can perforate to form an abscess in 
the pelvis. The inflammation may produce an 
inflammatory mass, obstructing the left ureter. 
Inflammation may also spread to the bladder, producing a 
fistula between the sigmoid colon and the bladder. In 
these circumstances patients may develop a urinary tract 
infection and rarely have fecal material and gas passing 
per urethra. 


In the clinic 


Ostomies 

It is occasionally necessary to surgically externalize bowel 
to the anterior abdominal wall. Externalization of bowel 
plays an important role in patient management. These 
extra-anatomical bypass procedures use our anatomical 
knowledge and in many instances are life saving. 


Gastrostomy 

Gastrostomy is performed when the stomach is attached 
to the anterior abdominal wall and a tube is placed 
through the skin into the stomach. Typically this is 





The diagnosis is based upon clinical examination and 
often CT scanning. In the first instance, patients will be 
treated with antibiotic therapy; however, a surgical 
resection may be necessary if symptoms persist. 


Descending colon 





Diverticula 


Fig. 4.91 This double-contrast barium enema demonstrates 
numerous small outpouchings throughout the distal large 
bowel predominantly within the descending colon and the 
sigmoid colon. These small outpouchings are diverticula and 
in most instances remain quiescent. 


performed to feed the patient when it is impossible to 
take food and fluid orally (e.g., complex head and neck 
cancer). The procedure can be performed either surgically 
or through a direct needlestick puncture under sedation 
in the anterior abdominal wall. 


Jejunostomy 

Similarly the jejunum is brought to the anterior abdominal 
wall and fixed. The jejunostomy is used as a site where a 
feeding tube is placed through the anterior abdominal 
wall into the proximal efferent small bowel. 


315 






p=, aan 
| i, 
C J 


316 


Abdomen 


In the clinic—cont’d 


lleostomy 

An ileostomy is performed when small bowel contents 
need to be diverted from the distal bowel. An ileostomy is 
often performed to protect a distal surgical anastomosis, 
such as in the colon to allow healing after surgery. 


Colostomy 
There are a number of instances when a colostomy may 
be necessary. In many circumstances it is performed to 
protect the distal large bowel after surgery. A further 
indication would include large bowel obstruction with 
imminent perforation wherein a colostomy allows 
decompression of the bowel and its contents. This is a 
safe and temporizing procedure performed when the 
patient is too unwell for extensive bowel surgery. It is 
relatively straightforward and carries reduced risk 
preventing significant morbidity and mortality. 

An end colostomy is necessary when the patient has 
undergone a surgical resection of the rectum and anus 
(typically for cancer). 


Liver 


The liver is the largest visceral organ in the body and is 
primarily in the right hypochondrium and epigastric 
region, extending into the left hypochondrium (or in the 
right upper quadrant, extending into the left upper quad- 
rant) (Fig. 4.92). 

Surfaces of the liver include: 


= a diaphragmatic surface in the anterior, superior, 
and posterior directions; and 

= a visceral surface in the inferior direction (Fig. 
4.93). 


Diaphragmatic surface 


The diaphragmatic surface of the liver, which is smooth 
and domed, lies against the inferior surface of the dia- 
phragm (Fig. 4.94). Associated with it are the subphrenic 
and hepatorenal recesses (Fig. 4.93): 


= the subphrenic recess separates the diaphragmatic 
surface of the liver from the diaphragm and is divided 
into right and left areas by the falciform ligament, a 
structure derived from the ventral mesentery in the 
embryo; 
the hepatorenal recess is a part of the peritoneal 
cavity on the right side between the liver and the right 
kidney and right suprarenal gland. 


lleal conduit 


An ileal conduit is an extra-anatomical procedure and is 


performed after resection of the bladder for tumor. In this 


situation a short segment of small bowel is identified. The 


bowel is divided twice to produce a 20-cm segment of 


small bowel on its own mesentery. This isolated segment 
of bowel is used as a conduit. The remaining bowel is 
joined together. The proximal end is anastomosed to the 


ureters and distal end to the anterior abdominal wall. 
Hence, urine passes from the kidneys into the ureters and 


through the short segment of small bowel to the anterior 
abdominal wall. 


When patients have either an ileostomy, colostomy, or 


ileal conduit it is necessary for them to fix a collecting bag 
onto the anterior abdominal wall. Contrary to one’s initial 
thoughts these bags are tolerated extremely well by most 
patients and allow patients to live a near normal and 


healthy life. 


Midclavicular planes 


Liver ~ Subcostal plane 





Intertubercular plane 


Fig. 4.92 Position of the liver in the abdomen. 


Liver Diaphragm Subphrenic recess 





Hepatorenal recess Kidney 


Fig. 4.93 Surfaces of the liver and recesses associated with the 
liver. 
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Fig. 4.94 Diaphragmatic surface of the liver. 


The subphrenic and hepatorenal recesses are continu- 
ous anteriorly. 


Visceral surface 


The visceral surface of the liver is covered with visceral 
peritoneum except in the fossa for the gallbladder and 
at the porta hepatis (gateway to the liver; Fig. 4.95), and 
structures related to it include the following (Fig. 4.96): 


= esophagus; 

= right anterior part of the stomach; 
= superior part of the duodenum; 

= lesser omentum; 

= gallbladder; 

= right colic flexure; 

= right transverse colon; 

= right kidney; and 

= right suprarenal gland. 


The porta hepatis serves as the point of entry into the 
liver for the hepatic arteries and the portal vein, and the 
exit point for the hepatic ducts (Fig. 4.95). 


Associated ligaments 


The liver is attached to the anterior abdominal wall by the 
falciform ligament and, except for a small area of the 
liver against the diaphragm (the bare area), the liver is 
almost completely surrounded by visceral peritoneum (Fig. 
4.96). Additional folds of peritoneum connect the liver to 
the stomach (hepatogastric ligament), the duodenum 
(hepatoduodenal ligament), and the diaphragm (right 
and left triangular ligaments and anterior and poste- 
rior coronary ligaments). 

The bare area of the liver is a part of the liver on the 
diaphragmatic surface where there is no intervening peri- 
toneum between the liver and the diaphragm (Fig. 4.96): 


= the anterior boundary of the bare area is indicated by 
a reflection of peritoneum—the anterior coronary 
ligament; 
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Fig. 4.95 Visceral surface of the liver. A. Illustration. B. Abdominal computed tomogram, with contrast, in the axial plane. 


= the posterior boundary of the bare area is indicated by = The quadrate lobe is visible on the anterior part of the 


a reflection of peritoneum—the posterior coronary visceral surface of the liver and is bounded on the left 
ligament; by the fissure for ligamentum teres and on the right by 
= where the coronary ligaments come together laterally, the fossa for the gallbladder. Functionally it is related to 
they form the right and left triangular ligaments. the left lobe of the liver. 
= The caudate lobe is visible on the posterior part of the 
Lobes visceral surface of the liver. It is bounded on the left by 
The liver is divided into right and left lobes by fossae for the the fissure for the ligamentum venosum and on the 
gallbladder and the inferior vena cava (Fig. 4.95). The right by the groove for the inferior vena cava. Function- 
right lobe of liver is the largest lobe, whereas the left ally, it is separate from the right and the left lobes of the 
lobe of liver is smaller. The quadrate and caudate lobes liver. 


are described as arising from the right lobe of liver, but 
318 functionally are distinct. 
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Fig. 4.96 Posterior view of the bare area of the liver and associated ligaments. 


The arterial supply to the liver includes: 


= the right hepatic artery from the hepatic artery proper 
(a branch of the common hepatic artery from the celiac 
trunk); and 

= the left hepatic artery from the hepatic artery proper 
(a branch of the common hepatic artery from the 
celiac trunk). 


Gallbladder 


The gallbladder is a pear-shaped sac lying on the visceral 
surface of the right lobe of the liver in a fossa between the 
right and quadrate lobes (Fig. 4.95). It has: 


= a rounded end (fundus of gallbladder), which may 
project from the inferior border of the liver, 

= amajor part in the fossa (body of gallbladder), which 
may be against the transverse colon and the superior 
part of the duodenum; and 

= a narrow part (neck of gallbladder) with mucosal 
folds forming the spiral fold. 


The arterial supply to the gallbladder (Fig. 4.97) is the 
cystic artery from the right hepatic artery (a branch of the 
hepatic artery proper). 

The gallbladder receives, concentrates, and stores bile 
from the liver. 
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Fig. 4.97 Arterial supply to the liver and gallbladder. 319 
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Abdomen 


Pancreas 


The pancreas lies mostly posterior to the stomach (Figs. 
4.98 and 4.99). It extends across the posterior abdominal 
wall from the duodenum, on the right, to the spleen, on the 
left. 

The pancreas is (secondarily) retroperitoneal except for 
a small part of its tail and consists of a head, uncinate 
process, neck, body, and tail. 


= The head of pancreas lies within the C-shaped con- 
cavity of the duodenum. 

= Projecting from the lower part of the head is the unci- 
nate process, which passes posterior to the superior 
mesenteric vessels. 

= The neck of pancreas is anterior to the superior mes- 
enteric vessels. Posterior to the neck of the pancreas, 
the superior mesenteric and the splenic veins join to 
form the portal vein. 

= The body of pancreas is elongate and extends from 
the neck to the tail of the pancreas. 

= The tail of pancreas passes between layers of the 
splenorenal ligament. 


The pancreatic duct begins in the tail of the pancreas 
(Fig. 4.100). It passes to the right through the body of the 
pancreas and, after entering the head of the pancreas, turns 
inferiorly. In the lower part of the head of pancreas, the 
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Fig. 4.98 Pancreas. 


pancreatic duct joins the bile duct. The joining of these two 
structuresformsthehepatopancreaticampulla(ampulla 
of Vater), which enters the descending (second) part of the 
duodenum at the major duodenal papilla. Surrounding 
the ampulla is the sphincter of ampulla (sphincter of 
Oddi), which is a collection of smooth muscle. 

The accessory pancreatic duct empties into the duo- 
denum just above the major duodenal papilla at the minor 
duodenal papilla (Fig. 4.100). If the accessory duct is 
followed from the minor papilla into the head of the pan- 
creas, a branch point is discovered: 


= one branch continues to the left, through the head of 
the pancreas, and may connect with the pancreatic 
duct at the point where it turns inferiorly; 

= a second branch descends into the lower part of the 
head of pancreas, anterior to the pancreatic duct, and 
ends in the uncinate process. 


The main and accessory pancreatic ducts usually com- 
municate with each other. The presence of these two ducts 
reflects the embryological origin of the pancreas from 
dorsal and ventral buds from the foregut. 
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Fig. 4.99 Abdominal images. A. Abdominal computed tomogram, with contrast, in the axial plane. B. Abdominal ultrasound scan. 
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Fig. 4.100 Pancreatic duct system. 321 





Abdomen 


The arterial supply to the pancreas (Fig. 4.101) includes 
the: 


= gastroduodenal artery from the common hepatic artery 
(a branch of the celiac trunk); 

anterior superior pancreaticoduodenal artery from the 
gastroduodenal artery; 

= posterior superior pancreaticoduodenal artery from the 
gastroduodenal artery; 

dorsal pancreatic artery from the inferior pancreatic 
artery (a branch of the splenic artery); 
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Fig. 4.101 Arterial supply to the pancreas. Posterior view. 


great pancreatic artery from the inferior pancreatic 
artery (a branch of the splenic artery); 

dorsal pancreatic and greater pancreatic arteries 
(branches of the splenic artery); 

anterior inferior pancreaticoduodenal artery from the 
inferior pancreaticoduodenal artery (a branch of the 
superior mesenteric artery); and 

posterior inferior pancreaticoduodenal artery from the 
inferior pancreaticoduodenal artery (a branch of the 
superior mesenteric artery). 


In the clinic 


Annular pancreas 

The pancreas develops from ventral and dorsal buds 
from the foregut. The dorsal bud forms most of the 
head, neck, and body of pancreas. The ventral bud 
rotates around the bile duct to form part of the head 
and the uncinate process. If the ventral bud splits 
(becomes bifid) the two segments may encircle the 
duodenum. The duodenum is therefore constricted and 
may even undergo atresia, and be absent at birth 
because of developmental problems. After birth, the 
child may fail to thrive and vomit due to poor gastric 
emptying. 

Sometimes annular pancreas is diagnosed in utero 
by ultrasound scanning. The obstruction of the 
duodenum may prevent the fetus from swallowing 
enough amniotic fluid, which may increase the overall 
volume of amniotic fluid in the amniotic sac 
surrounding the fetus (polyhydramnios). 
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Fig. 4.102 Bile drainage. A. Duct system for passage of bile. B. Percutaneous transhepatic cholangiogram demonstrating the bile duct system. 


Duct system for bile 


The duct system for the passage of bile extends from the 
liver, connects with the gallbladder, and empties into the 
descending part of the duodenum (Fig. 4.102). The coales- 
cence of ducts begins in the liver parenchyma and contin- 
ues until the right and left hepatic ducts are formed. 
These drain the respective lobes of the liver. 

The two hepatic ducts combine to form the common 
hepatic duct, which runs, near the liver, with the hepatic 
artery proper and portal vein in the free margin of the 
lesser omentum. 

As the common hepatic duct continues to descend, it is 
joined by the cystic duct from the gallbladder. This com- 
pletes the formation of the bile duct. At this point, the bile 
duct lies to the right of the hepatic artery proper and usually 
to the right of, and anterior to, the portal vein in the free 
margin of the lesser omentum. The omental foramen is 
posterior to these structures at this point. 

The bile duct continues to descend, passing posteriorly 
to the superior part of the duodenum before joining with 
the pancreatic duct to enter the descending part of the 
duodenum at the major duodenal papilla (Fig. 4.102). 


Spleen 


The spleen develops as part of the vascular system in the 
part of the dorsal mesentery that suspends the developing 
stomach from the body wall. In the adult, the spleen lies 
against the diaphragm, in the area of rib IX to rib X (Fig. 
4.103). It is therefore in the left upper quadrant, or left 
hypochondrium, of the abdomen. 

The spleen is connected to the: 


= greater curvature of the stomach by the gastrosplenic 
ligament, which contains the short gastric and gastro- 
omental vessels; and 

= left kidney by the splenorenal ligament (Fig. 4.104), 
which contains the splenic vessels. 


Both these ligaments are parts of the greater 
omentum. 

The spleen is surrounded by visceral peritoneum except 
in the area of the hilum on the medial surface of the spleen 
(Fig. 4.105). The splenic hilum is the entry point for the 
splenic vessels and occasionally the tail of the pancreas 
reaches this area. 

The arterial supply to the spleen (Fig. 4.106) is the 
splenic artery from the celiac trunk. 
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Fig. 4.103 Spleen. 
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324 Fig. 4.104 Splenic ligaments and related vasculature. 
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Fig. 4.105 Surfaces and hilum of the spleen. 
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Fig. 4.106 Arterial supply to the spleen. 


In the clinic 


Segmental anatomy of the liver 

For many years the segmental anatomy of the liver was of 
little importance. However, since the development of liver 
resection surgery, the size, shape, and segmental anatomy 
of the liver has become clinically important, especially 
with regard to liver resection for metastatic disease. 
Indeed, with detailed knowledge of the segments, 
curative surgery can be performed in patients with tumor 
metastases. 

The liver is divided by the principal plane which 
divides the organ into halves of approximately equal size. 
This imaginary line is defined by a parasagittal line that 
passes through the gallbladder fossa to the inferior vena 
cava. It is in this plane that the middle hepatic vein is 
found. Importantly, the principal plane divides the left half 





of the liver from the right half. The lobes of the liver are 
unequal in size and bear only little relevance to operative 
anatomy. 

The traditional eight segment anatomy of the liver 
relates to the hepatic arterial, portal, and biliary drainage 
of these segments (Fig. 4.107). 

The caudate lobe is defined as segment I, the 
remaining segments are numbered in a clockwise fashion 
up to segment VIII. The features are extremely consistent 
between individuals. 

From a surgical perspective a right hepatectomy would 
involve division of the liver in the principal plane in which 
segments V, VI, VII, and VIII would be removed, leaving 
segments I, Il, Ill, and IV. 
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Fig. 4.107 Division of the liver into segments based upon the distributions of the bile ducts and hepatic vessels (Couinaud’s segments). 
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In the clinic 


Gallstones 

Gallstones are present in approximately 10% of people 
over the age of 40 and are more common in women. They 
consist of a variety of components, but are predominantly 
a mixture of cholesterol and bile pigment. They may 
undergo calcification, which can be demonstrated on 
plain radiographs. Gallstones may be visualized 
incidentally as part of a routine abdominal ultrasound 
scan (Fig. 4.108) or on a plain radiograph. 

From time to time, gallstones impact in the region of 
Hartmann’s pouch, which is a bulbous region of the neck 
of the gallbladder. When the gallstone lodges in this area, 
the gallbladder cannot empty normally and contractions 
of the gallbladder wall produce severe pain. If this persists, 
a cholecystectomy (removal of gallbladder) may be 
necessary. 

Sometimes the gallbladder may become inflamed 
(cholecystitis). If the inflammation involves the related 
parietal peritoneum of the diaphragm, pain may not only 
occur in the right upper quadrant of the abdomen but 
may also be referred to the shoulder on the right side. 
This referred pain is due to the innervation of the visceral 
peritoneum of the diaphragm by spinal cord levels (C3 to 
C5) that also innervate skin over the shoulder. In this case, 
one somatic sensory region of low sensory output 
(diaphragm) is referred to another somatic sensory region 
of high sensory output (dermatomes). 


In the clinic 


Jaundice 
Jaundice is a yellow discoloration of the skin caused by 
excess bile pigment (bilirubin) within the plasma. The 
yellow color is best appreciated by looking at the normally 
white sclerae of the eyes, which turn yellow. 

The extent of the elevation of the bile pigments and 
the duration for which they have been elevated account 
for the severity of jaundice. 


Simplified explanation to understanding the types 
of jaundice and their anatomical causes 

When red blood cells are destroyed by the 
reticuloendothelial system the iron from the hemoglobin 
molecule is recycled, whereas the porphyrin ring (globin) 
compounds are broken down to form fat-soluble bilirubin. 
On reaching the liver via the blood stream the fat-soluble 
bilirubin is converted to a water-soluble form of bilirubin. 
This water-soluble bilirubin is then secreted into the 
biliary tree and then in turn into the bowel where it forms 
the dark color of the stool. 


From time to time, small gallstones pass into the bile 
duct and are trapped in the region of the sphincter of the 
ampulla, which obstructs the flow of bile into the 
duodenum. This, in turn, produces jaundice. 


Gallbladder 





Gallstones 


Fig. 4.108 Gallbladder containing multiple stones. Ultrasound 
scan. 


Prehepatic jaundice 

This type of jaundice is usually produced by conditions 
where there is an excessive breakdown of red blood cells 
(e.g., in incompatible blood transfusion and hemolytic 
anemia). 


Hepatic jaundice 

The complex biochemical reactions for converting fat- 
soluble into water-soluble bilirubin may be affected by 
inflammatory change within the liver (e.g., from hepatitis 
or chronic liver disease, such as liver cirrhosis) and poisons 
(e.g., paracetamol overdose). 


Posthepatic jaundice 

Any obstruction of the biliary tree can produce jaundice, 
but the two most common causes are gallstones within 
the bile duct and an obstructing tumor at the head of the 
pancreas. 


In the clinic 


Spleen disorders 
From a clinical point of view, there are two main 
categories of spleen disorders: rupture and enlargement. 


Splenic rupture 

This tends to occur when there is localized trauma to the 
left upper quadrant. It may be associated with left lower 
rib fractures. Because the spleen has such an extremely 
thin capsule it is susceptible to injury even when there is 
no damage to surrounding structures, and because the 
spleen is highly vascular, when ruptured, it bleeds 


Arterial supply 


The abdominal aorta begins at the aortic hiatus of the 
diaphragm, anterior to the lower border of vertebra TXII 
(Fig. 4.109). It descends through the abdomen, anterior to 
the vertebral bodies, and by the time it ends at the level of 
vertebra LIV it is slightly to the left of midline. The terminal 
branches of the abdominal aorta are the two common 
iliac arteries. 


Anterior branches of the 
abdominal aorta 


The abdominal aorta has anterior, lateral, and posterior 
branches as it passes through the abdominal cavity. The 
three anterior branches supply the gastrointestinal viscera: 


profusely into the peritoneal cavity. Splenic rupture 
should always be suspected with blunt abdominal injury. 
Current treatments preserve as much of the spleen as 
possible, but some patients require splenectomy. 


Splenic enlargement 

The spleen is an organ of the reticuloendothelial system. 
Diseases that affect the reticuloendothelial system (e.g., 
leukemia, lymphoma, and certain infections) may produce 
generalized lymphadenopathy and enlargement of the 
spleen (splenomegaly). 


the celiac trunk and the superior mesenteric and infe- 
rior mesenteric arteries (Fig. 4.109). 

The primitive gut tube can be divided into foregut, 
midgut, and hindgut regions. The boundaries of these 
regions are directly related to the areas of distribution 
of the three anterior branches of the abdominal aorta 
(Fig. 4.110). 


= The foregut begins with the abdominal esophagus and 
ends just inferior to the major duodenal papilla, midway 
along the descending part of the duodenum. It includes 
the abdominal esophagus, stomach, duodenum (supe- 
rior to the major papilla), liver, pancreas, and gallblad- 
der. The spleen also develops in relation to the foregut 
region. The foregut is supplied by the celiac trunk. 
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Fig. 4.109 Anterior branches of the abdominal aorta. 
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= The midgut begins just inferior to the major duodenal 
papilla, in the descending part of the duodenum, and 
ends at the junction between the proximal two-thirds 
and distal one-third of the transverse colon. It includes 
the duodenum (inferior to the major duodenal papilla), 
jejunum, ileum, cecum, appendix, ascending colon, 
and the right two-thirds of the transverse colon. The 
midgut is supplied by the superior mesenteric artery 
(Fig. 4.110). 

= The hindgut begins just before the left colic flexure 
(the junction between the proximal two-thirds and 
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Fig. 4.110 Divisions of the gastrointestinal tract into foregut, 
midgut, and hindgut, summarizing the primary arterial supply to 
each segment. 


distal one-third of the transverse colon) and ends 
midway through the anal canal. It includes the left one- 
third of the transverse colon, descending colon, sigmoid 
colon, rectum, and upper part of the anal canal. The 
hindgut is supplied by the inferior mesenteric artery 
(Fig. 4.110). 


Celiac trunk 


The celiac trunk is the anterior branch of the abdominal 
aorta supplying the foregut. It arises from the abdominal 
aorta immediately below the aortic hiatus of the diaphragm 
(Fig. 4.111), anterior to the upper part of vertebra LI. It 
immediately divides into the left gastric, splenic, and 
common hepatic arteries. 


Left gastric artery 


The left gastric artery is the smallest branch of the celiac 
trunk. It ascends to the cardioesophageal junction and 
sends esophageal branches upward to the abdominal 
part of the esophagus (Fig. 4.111). Some of these branches 
continue through the esophageal hiatus of the diaphragm 
and anastomose with esophageal branches from the tho- 
racic aorta. The left gastric artery itself turns to the right 
and descends along the lesser curvature of the stomach in 
the lesser omentum. It supplies both surfaces of the stomach 
in this area and anastomoses with the right gastric 
artery. 


Splenic artery 


The splenic artery, the largest branch of the celiac trunk, 
takes a tortuous course to the left along the superior border 
of the pancreas (Fig. 4.111). It travels in the splenorenal 
ligament and divides into numerous branches, which enter 
the hilum of the spleen. As the splenic artery passes along 
the superior border of the pancreas, it gives off numerous 
small branches to supply the neck, body, and tail of the 
pancreas (Fig. 4.112). 

Approaching the spleen, the splenic artery gives off 
short gastric arteries, which pass through the gastro- 
splenic ligament to supply the fundus of the stomach. It 
also gives off the left gastro-omental artery, which runs 
to the right along the greater curvature of the stomach, 
and anastomoses with the right gastro-omental artery. 





329 





Common hepatic artery 


Hepatic artery proper Esophageal branches 


Left gastric artery 


Ni 


Left hepatic artery 


T, 






r i E 


Right hepatic artery 


Short gastric arteries 


( 'd z —+— Spleen 
Gastroduodenal artery + 


Right gastric artery Left gastro-omental artery 


Splenic artery 


Right gastro-omental artery 
Superior pancreaticoduodenal arteries 


Hepatic artery proper 


Gastroduodenal artery 


Left gastro-omental artery 





Splenic artery 


Right gastro—omental artery Celiac artery 


Fig. 4.111 Celiac trunk. A. Distribution of the celiac trunk. B. Digital subtraction angiography of the celiac trunk and its branches. 
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Common hepatic artery 


The common hepatic artery is a medium-sized branch 
of the celiac trunk that runs to the right and divides into 
its two terminal branches, the hepatic artery proper and 
the gastroduodenal artery (Fig. 4.111 and 4.112). 

The hepatic artery proper ascends towards the liver in 
the free edge of the lesser omentum. It runs to the left of 
the bile duct and anterior to the portal vein, and divides 
into the right and left hepatic arteries near the porta 
hepatis (Fig. 4.113). 

As the right hepatic artery nears the liver, it gives off the 
cystic artery to the gallbladder. 

The gastroduodenal artery may give off the supraduo- 
denal artery and does give off the posterior superior pan- 
creaticoduodenal artery near the upper border of the 
superior part of the duodenum. After these branches the 
gastroduodenal artery continues descending posterior to 


Left gastric artery 


Celiac trunk 


Right gastric artery 


Common hepatic artery 


Hepatic artery proper 


Gastroduodenal artery 


N 


Posterior superior 
pancreaticoduodenal artery A 


Right gastro-omental artery 


Anterior superior 
pancreaticoduodenal artery 


Duodenum 


Posterior inferior 
pancreaticoduodenal artery 


Anterior inferior 
pancreaticoduodenal artery 


Fig. 4.112 Arterial supply to the pancreas. 
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the superior part of the duodenum. Reaching the lower 
border of the superior part of the duodenum, the gastro- 
duodenal artery divides into its terminal branches, the 
right gastro-omental artery and the anterior supe- 
rior pancreaticoduodenal artery (Fig. 4.112). 

The right gastro-omental artery passes to the left, along 
the greater curvature of the stomach, eventually anasto- 
mosing with the left gastro-omental artery from the splenic 
artery. The right gastro-omental artery sends branches to 
both surfaces of the stomach and additional branches 
descend into the greater omentum. 

The anterior superior pancreaticoduodenal artery 
descends and, along with the posterior superior pancreati- 
coduodenal artery, supplies the head of the pancreas and 
the duodenum (Fig. 4.112). These vessels eventually 
anastomose with the anterior and posterior branches of 
the inferior pancreaticoduodenal artery. 
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Fig. 4.113 Distribution of the common hepatic artery. 
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Fig. 4.114 Initial branching and relationships of the superior mesenteric artery. 


Superior mesenteric artery 


The superior mesenteric artery is the anterior branch of the 
abdominal aorta supplying the midgut. It arises from the 
abdominal aorta immediately below the celiac artery (Fig. 
4.114), anterior to the lower part of vertebra LI. 

The superior mesenteric artery is crossed anteriorly by 
the splenic vein and the neck of pancreas. Posterior to the 
artery are the left renal vein, the uncinate process of the 
pancreas, and the inferior part of the duodenum. After 
giving off its first branch (the inferior pancreaticoduo- 
denal artery) the superior mesenteric artery gives off 
jejunal and ileal arteries on its left (Fig. 4.114). Branch- 
ing from the right side of the main trunk of the superior 
mesenteric artery are three vessels—the middle colic, 
right colic, and ileocolic arteries—which supply the 
terminal ileum, cecum, ascending colon, and two-thirds of 
the transverse colon. 


Inferior pancreaticoduodenal artery 


The inferior pancreaticoduodenal artery is the first branch 
of the superior mesenteric artery. It divides immediately 
into anterior and posterior branches, which ascend on the 
corresponding sides of the head of the pancreas. Superi- 
orly, these arteries anastomose with anterior and posterior 
superior pancreaticoduodenal arteries (see Figs. 4.112 and 
4.114). This arterial network supplies the head and unci- 
nate process of the pancreas and the duodenum. 


Jejunal and ileal arteries 


Distal to the inferior pancreaticoduodenal artery, the supe- 
rior mesenteric artery gives off numerous branches. Arising 
on the left is a large number of jejunal and ileal arteries 
supplying the jejunum and most of the ileum (Fig. 4.115). 
These branches leave the main trunk of the artery, pass 
between two layers of the mesentery, and form anastomos- 
ing arches or arcades as they pass outward to supply the 
small intestine. The number of arterial arcades increases 
distally along the gut. 

There may be single and then double arcades in the area 
of the jejunum, with a continued increase in the number 
of arcades moving into and through the area of the ileum. 
Extending from the terminal arcade are vasa recta (straight 
arteries), which provide the final direct vascular supply to 
the walls of the small intestine. The vasa recta supplying 
the jejunum are usually long and close together, forming 
narrow windows visible in the mesentery. The vasa recta 
supplying the ileum are generally short and far apart, 
forming low broad windows. 


Regional anatomy ° Abdominal viscera 


Middle colic artery 


The middle colic artery is the first of the three branches 
from the right side of the main trunk of the superior mes- 
enteric artery (Fig. 4.115). Arising as the superior mesen- 
teric artery emerges from beneath the pancreas, the middle 
colic artery enters the transverse mesocolon and divides 
into right and left branches. The right branch anastomoses 
with the right colic artery while the left branch anastomo- 
ses with the left colic artery, which is a branch of the infe- 
rior mesenteric artery. 


Right colic artery 


Continuing distally along the main trunk of the superior 
mesenteric artery, the right colic artery is the second of the 
three branches from the right side of the main trunk of the 
superior mesenteric artery (Fig. 4.115). It is an inconsis- 
tent branch, and passes to the right in a retroperitoneal 
position to supply the ascending colon. Nearing the colon, 
it divides into a descending branch, which anastomoses 
with the ileocolic artery, and an ascending branch, which 
anastomoses with the middle colic artery. 


lleocolic artery 


The final branch arising from the right side of the superior 
mesenteric artery is the ileocolic artery (Fig. 4.115). This 
passes downward and to the right toward the right iliac 
fossa where it divides into superior and inferior branches: 


the superior branch passes upward along the ascending 
colon to anastomose with the right colic artery; 

the inferior branch continues toward the ileocolic 
junction dividing into colic, cecal, appendicular, 
and ileal branches (Fig. 4.115). 


The specific pattern of distribution and origin of these 
branches is variable: 


the colic branch crosses to the ascending colon and 
passes upward to supply the first part of the ascending 
colon; 

anterior and posterior cecal branches, arising either as 
a common trunk or as separate branches, supply cor- 
responding sides of the cecum; 

the appendicular branch enters the free margin of and 
supplies the mesoappendix and the appendix; 

the ileal branch passes to the left and ascends to supply 
the final part of the ileum before anastomosing with the 
superior mesenteric artery. 





333 





Transverse colon 


Middle colic artery 


Inferior pancreaticoduodenal artery 
Superior mesenteric artery 


ny 


Jejunum 
Right colic artery 


og 


Jejunal arteries 
Ascending colon 


lleocolic artery Vasa recta 


woth, 


SAL | 


Right colic artery 


Jejunal arteries 





Anterior cecal artery Ileum 


Appendix lleal arteries 
Posterior cecal artery Appendicular artery 


lleocolic artery 


Distal small arteries 


Ileal arteries 





Fig. 4.115 Superior mesenteric artery. A. Distribution of the superior mesenteric artery. B. Digital subtraction angiography of the superior 
mesenteric artery and its branches. 
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Inferior mesenteric artery 


The inferior mesenteric artery is the anterior branch of the 
abdominal aorta that supplies the hindgut. It is the small- 
est of the three anterior branches of the abdominal aorta 
and arises anterior to the body of vertebra LIII. Initially, 
the inferior mesenteric artery descends anteriorly to the 
aorta and then passes to the left as it continues inferiorly 
(Fig. 4.116). Its branches include the left colic artery, 
several sigmoid arteries, and the superior rectal 
artery. 


Left colic artery 


The left colic artery is the first branch of the inferior mes- 
enteric artery (Fig. 4.116). It ascends retroperitoneally, 
dividing into ascending and descending branches: 


= the ascending branch passes anteriorly to the left 
kidney, then enters the transverse mesocolon, and 
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passes superiorly to supply the upper part of the 
descending colon and the distal part of the transverse 
colon; it anastomoses with branches of the middle colic 
artery; 

=m the descending branch passes inferiorly, supplying the 
lower part of the descending colon and anastomoses 
with the first sigmoid artery. 


Sigmoid arteries 


The sigmoid arteries consist of two to four branches, which 
descend to the left, in the sigmoid mesocolon, to supply the 
lowest part of the descending colon and the sigmoid colon 
(Fig. 4.116). These branches anastomose superiorly with 
branches from the left colic artery and inferiorly with 
branches from the superior rectal artery. 


Superior rectal artery 


The terminal branch of the inferior mesenteric artery is the 
superior rectal artery (Fig. 4.116). This vessel descends 
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Fig. 4.116 Inferior mesenteric artery. A. Distribution of the inferior mesenteric artery. B. Digital subtraction angiography of the inferior 


mesenteric artery and its branches. 
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Abdomen 


into the pelvic cavity in the sigmoid mesocolon, crossing 
the left common iliac vessels. Opposite vertebra SIII, the 
superior rectal artery divides. The two terminal branches 
descend on each side of the rectum, dividing into smaller 
branches in the wall of the rectum. These smaller branches 


In the clinic 


Vascular supply to the gastrointestinal system 
The abdominal parts of the gastrointestinal system are 
supplied mainly by the celiac trunk and the superior 
mesenteric and inferior mesenteric arteries: 


m the celiac trunk supplies the lower esophagus, 
stomach, and the proximal half of the descending 
part of the duodenum; 

= the superior mesenteric artery supplies the rest of 
the duodenum, the jejunum, the ileum, the 
ascending colon, and the proximal two-thirds of the 
transverse colon; and 

m the inferior mesenteric artery supplies the rest of the 
transverse colon, the descending colon, the sigmoid 
colon, and most of the rectum. 


Along the descending part of the duodenum there is a 
potential watershed area between the celiac trunk blood 
supply and the superior mesenteric arterial blood supply. 
It is unusual for this area to become ischemic, whereas the 
watershed area between the superior mesenteric artery 
and the inferior mesenteric artery, at the splenic flexure, 
is extremely vulnerable to ischemia. 

In certain disease states, the region of the splenic 
flexure of the colon can become ischemic. When this 
occurs, the mucosa sloughs off, rendering the patient 
susceptible to infection and perforation of the large 
bowel, which then requires urgent surgical attention. 

Arteriosclerosis may occur throughout the abdominal 
aorta and at the openings of the celiac trunk and the 
superior mesenteric and inferior mesenteric arteries. Not 
infrequently, the inferior mesenteric artery becomes 
occluded. Interestingly, many of these patients do not 
suffer any complications because anastomoses between 
the right, middle, and left colic arteries gradually enlarge, 
forming a continuous marginal artery. The distal large 
bowel therefore becomes supplied by this enlarged 
marginal artery (marginal artery of Drummond) which 
replaces the blood supply of the inferior mesenteric artery 
(Fig. 4.117). 

If the openings of the celiac trunk and superior 
mesenteric artery becomes narrowed, the blood supply to 


continue inferiorly to the level of the internal anal sphinc- 
ter, anastomosing along the way with branches from the 
middle rectal arteries (from the internal iliac artery) and 
the inferior rectal arteries (from the internal pudendal 
artery). 


the gut is diminished. After a heavy meal, the oxygen 
demand of the bowel therefore outstrips the limited 
supply of blood through the stenosed vessels, resulting in 
severe pain and discomfort (mesenteric angina). Patients 
with this condition tend not to eat because of the pain 
and rapidly lose weight. The diagnosis is determined by 
aortic angiography and the stenoses of the celiac trunk 
and superior mesenteric artery are best appreciated in the 
lateral view. 
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Fig. 4.117 Enlarged marginal artery connecting the superior 
and inferior mesenteric arteries. Digital subtraction angiogram. 


Venous drainage 


Venous drainage of the spleen, pancreas, gallbladder, and 
the abdominal part of the gastrointestinal tract, except for 
the inferior part of the rectum, is through the portal system 
of veins, which deliver blood from these structures to the 
liver. Once blood passes through the hepatic sinusoids, it 
passes through progressively larger veins until it enters the 
hepatic veins, which return the venous blood to the infe- 
rior vena cava just inferior to the diaphragm. 


Portal vein 


The portal vein is the final common pathway for the 
transport of venous blood from the spleen, pancreas, gall- 
bladder, and the abdominal part of the gastrointestinal 
tract. It is formed by the union of the splenic vein and the 
superior mesenteric vein posterior to the neck of the 
pancreas at the level of vertebra LII (Fig. 4.118). 
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Fig. 4.118 Portal vein. 





Ascending toward the liver, the portal vein passes pos- 
terior to the superior part of the duodenum and enters the 
right margin of the lesser omentum. As it passes through 
this part of the lesser omentum, it is anterior to the omental 
foramen and posterior to both the bile duct, which is 
slightly to its right, and the hepatic artery proper, which is 
slightly to its left (see Fig. 4.113, p. 332). 

On approaching the liver, the portal vein divides into 
right and left branches, which enter the liver paren- 
chyma. Tributaries to the portal vein include: 


= right and left gastric veins draining the lesser curva- 
ture of the stomach and abdominal esophagus; 
cystic veins from the gallbladder; and 
the para-umbilical veins, which are associated with 
the obliterated umbilical vein and connect to veins 
on the anterior abdominal wall (Fig. 4.120). 
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Abdomen 


Splenic vein 


The splenic vein forms from numerous smaller vessels 
leaving the hilum of the spleen (Fig. 4.119). It passes to the 
right, passing through the splenorenal ligament with 
the splenic artery and the tail of pancreas. Continuing to the 
right, the large, straight splenic vein is in contact with the 
body of the pancreas as it crosses the posterior abdominal 
wall. Posterior to the neck of the pancreas, the splenic vein 
joins the superior mesenteric vein to form the portal vein. 
Tributaries to the splenic vein include: 


= short gastric veins from the fundus and left part of the 
greater curvature of the stomach; 

= the left gastro-omental vein from the greater curva- 
ture of the stomach; 
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= pancreatic veins draining the body and tail of pan- 
creas; and 
= usually the inferior mesenteric vein. 


Superior mesenteric vein 
The superior mesenteric vein drains blood from the small 
intestine, cecum, ascending colon, and transverse colon 
(Fig. 4.119). It begins in the right iliac fossa as veins drain- 
ing the terminal ileum, cecum, and appendix join, and 
ascends in the mesentery to the right of the superior mes- 
enteric artery. 
Posterior to the neck of the pancreas, the superior mes- 
enteric vein joins the splenic vein to form the portal vein. 
As a corresponding vein accompanies each branch of 
the superior mesenteric artery, tributaries to the supe- 
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Fig. 4.119 Venous drainage of the abdominal portion of the gastrointestinal tract. 


rior mesenteric vein include jejunal, ileal, ileocolic, right 
colic, and middle colic veins. Additional tributaries 
include: 


the right gastro-omental vein, draining the right 
part of the greater curvature of the stomach; and 

the anterior and posterior inferior pancreatico- 
duodenal veins, which pass alongside the arteries of 
the same name; the anterior superior pancreaticoduo- 
denal vein usually empties into the right gastro-omental 
vein, and the posterior superior pancreatico-duodenal 
vein usually empties directly into the portal vein. 


In the clinic 


Hepatic cirrhosis 

Cirrhosis is a complex disorder of the liver, the diagnosis 
of which is confirmed histologically. When a diagnosis is 
suspected, a liver biopsy is necessary. 

Cirrhosis is characterized by widespread hepatic 
fibrosis interspersed with areas of nodular regeneration 
and abnormal reconstruction of pre-existing lobular 
architecture. The presence of cirrhosis implies previous or 
continuing liver cell damage. 

The etiology of cirrhosis is complex and includes toxins 
(alcohol), viral inflammation, biliary obstruction, vascular 
outlet obstruction, nutritional (malnutrition) causes, and 
inherited anatomical and metabolic disorders. 

As the cirrhosis progresses, the intrahepatic vasculature 
is distorted, which in turn leads to increased pressure in 
the portal vein and its draining tributaries (portal 
hypertension). Portal hypertension produces increased 
pressure in the splenic venules leading to splenic 
enlargement. At the sites of portosystemic anastomosis 
(see below), large dilated varicose veins develop. These 
veins are susceptible to bleeding and may produce 
marked blood loss, which in some instances can be fatal. 

The liver is responsible for the production of numerous 
proteins, including those of the clotting cascade. Any 
disorder of the liver (including infection and cirrhosis) may 
decrease the production of these proteins and so prevent 
adequate blood clotting. Patients with severe cirrhosis of 
the liver have a significant risk of serious bleeding, even 
from small cuts; in addition, when varices rupture, there is 
a danger of rapid exsanguination. 


Regional anatomy ° Abdominal viscera 





Inferior mesenteric vein 


The inferior mesenteric vein drains blood from the 
rectum, sigmoid colon, descending colon, and splenic 
flexure (Fig. 4.119). It begins as the superior rectal vein 
and ascends, receiving tributaries from the sigmoid veins 
and the left colic vein. All these veins accompany arteries 
of the same name. Continuing to ascend, the inferior mes- 
enteric vein passes posterior to the body of the pancreas 
and usually joins the splenic vein. Occasionally, it ends at 
the junction of the splenic and superior mesenteric veins 
or joins the superior mesenteric vein. 


As the liver progressively fails, the patient develops salt 
and water retention, which produces skin and 
subcutaneous edema. Fluid (ascites) is also retained in the 
peritoneal cavity, which can hold many liters. 

The poorly functioning liver cells (hepatocytes) are 
unable to break down blood and blood products, leading 
to an increase in the serum bilirubin level, which manifests 
as jaundice. 

With the failure of normal liver metabolism, toxic 
metabolic byproducts do not convert to nontoxic 
metabolites. This buildup of noxious compounds is made 
worse by the numerous portosystemic shunts, which 
allow the toxic metabolites to bypass the liver. Patients 
may develop severe neurological features, which may lead 
to epileptic fits, dementia, and irreversible neurological 
damage. 


Portosystemic anastomosis 

The hepatic portal system drains blood from the visceral 
organs of the abdomen to the liver. In normal individuals, 
100% of the portal venous blood flow can be recovered 
from the hepatic veins, whereas in patients with elevated 
portal vein pressure (e.g., from cirrhosis), there is 
significantly less blood flow to the liver. The rest of the 
blood enters collateral channels, which drain into the 
systemic circulation at specific points (Fig. 4.120). The 
largest of these collaterals occur at: 


= the gastroesophageal junction around the cardia of 
the stomach—where the left gastric vein and its 
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In the clinic—cont’d 


tributaries form a portosystemic anastomosis with around the sites of portosystemic anastomoses and 
tributaries to the azygos system of veins of the these enlarged veins are called: 
caval system; 

= the anus—the superior rectal vein of the portal 
system anastomoses with the middle and inferior 
rectal veins of the systemic venous system; and 

= the anterior abdominal wall around the 
umbilicus—the para-umbilical veins anastomose Esophageal varices are susceptible to trauma and, 
with veins on the anterior abdominal wall. once damaged, may bleed profusely, requiring urgent 

surgical intervention. 


= hemorrhoids at the anorectal junction; 

= esophageal varices at the gastroesophageal 
junction; and 

= caput medusae at the umbilicus. 


When the pressure in the portal vein is elevated, 
venous enlargement (varices) tend to occur at and 
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Fig. 4.120 Portosystemic anastomoses. 
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Lymphatics 

Lymphatic drainage of the abdominal part of the gastroin- 
testinal tract, as low as the inferior part of the rectum, as 
well as the spleen, pancreas, gallbladder, and liver, is 
through vessels and nodes that eventually end in large 
collections of pre-aortic lymph nodes at the origins of 
the three anterior branches of the abdominal aorta, which 
supply these structures. These collections are therefore 
referred to as the celiac, superior mesenteric, and infe- 
rior mesenteric groups of pre-aortic lymph nodes. Lymph 
from viscera supplied by: 


= the celiac trunk (i.e., structures that are part of the 
abdominal foregut) drains to pre-aortic nodes near the 
origin of the celiac trunk (Fig. 4.121)—these celiac 
nodes also receive lymph from the superior mesenteric 
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Fig. 4.121 Lymphatic drainage of the abdominal portion of the 
gastrointestinal tract. 


and inferior mesenteric groups of pre-aortic nodes, and 
lymph from the celiac nodes enters the cisterna 
chyli; 

= the superior mesenteric artery (i.e., structures that are 
partof the abdominal midgut) drains to pre-aortic nodes 
near the origin of the superior mesenteric artery (Fig. 
4.121)—these superior mesenteric nodes also receive 
lymph from the inferior mesenteric groups of pre-aortic 
nodes, and lymph from the superior mesenteric nodes 
drains to the celiac nodes; and 

= the inferior mesenteric artery (i.e., structures that are 
part of the abdominal hindgut) drains to pre-aortic 
nodes near the origin of the inferior mesenteric artery 
(Fig. 4.121), and lymph from the inferior mesenteric 
nodes drains to the superior mesenteric nodes. 


Innervation 


Abdominal viscera are innervated by both extrinsic and 
intrinsic components of the nervous system: 


= extrinsic innervation involves receiving motor impulses 
from, and sending sensory information to, the central 
nervous system; 

= intrinsic innervation involves the regulation of diges- 
tive tract activities by a generally self-sufficient network 
of sensory and motor neurons (the enteric nervous 
system). 


Abdominal viscera receiving extrinsic innervation 
include the abdominal part of the gastrointestinal tract, 
the spleen, the pancreas, the gallbladder, and the liver. 
These viscera send sensory information back to the central 
nervous system through visceral afferent fibers and receive 
motor impulses from the central nervous system through 
visceral efferent fibers. 

The visceral efferent fibers are part of the sympathetic 
and parasympathetic parts of the autonomic division of the 
PNS. 

Structural components serving as conduits for these 
afferent and efferent fibers include posterior and anterior 
roots of the spinal cord, respectively, spinal nerves, ante- 
rior rami, white and gray rami communicantes, the sym- 
pathetic trunks, splanchnic nerves carrying sympathetic 
fibers (thoracic, lumbar, and sacral), parasympathetic 
fibers (pelvic), the prevertebral plexus and related ganglia, 
and the vagus nerves [X]. 

The enteric nervous system consists of motor and sensory 
neurons in two interconnected plexuses in the walls of the 
gastrointestinal tract. These neurons control the coordi- 
nated contraction and relaxation of intestinal smooth 
muscle and regulate gastric secretion and blood flow. 
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Sympathetic trunks 


The sympathetic trunks are two parallel nerve cords 
extending on either side of the vertebral column from the 
base of the skull to the coccyx (Fig. 4.122). As they pass 
through the neck, they lie posterior to the carotid sheath. 
In the upper thorax, they are anterior to the necks of the 
ribs, while in the lower thorax they are on the lateral aspect 
of the vertebral bodies. In the abdomen, they are antero- 
lateral to the lumbar vertebral bodies and, continuing into 
the pelvis, they are anterior to the sacrum. The two sym- 
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Fig. 4.122 Sympathetic trunks. 


pathetic trunks come together anterior to the coccyx to 
form the ganglion impar. 

Throughout the extent of the sympathetic trunks, small 
raised areas are visible. These collections of neuronal cell 
bodies outside the CNS are the paravertebral sympathetic 
ganglia. There are usually: 


three ganglia in the cervical region; 
eleven or twelve ganglia in the thoracic region; 
four ganglia in the lumbar region; 
= four or five ganglia in the sacral region; and 
= the ganglion impar anterior to the coccyx (Fig. 
4.122). 


The ganglia and trunks are connected to adjacent spinal 
nerves by gray rami communicantes throughout the 
length of the sympathetic trunk and by white rami com- 
municantes in the thoracic and upper lumbar parts of the 
trunk (T1 to L2). Neuronal fibers found in the sympathetic 
trunks include preganglionic and postganglionic sym- 
pathetic fibers and visceral afferent fibers. 


Splanchnic nerves 


The splanchnic nerves are important components in the 
innervation of the abdominal viscera. They pass from the 
sympathetic trunk or sympathetic ganglia associated with 
the trunk, to the prevertebral plexus and ganglia anterior 
to the abdominal aorta. 

There are two different types of splanchnic nerves, 
depending on the type of visceral efferent fiber they are 
carrying: 


the thoracic, lumbar, and sacral splanchnic nerves 
carry preganglionic sympathetic fibers from the sympa- 
thetic trunk to ganglia in the prevertebral plexus, and 
also visceral afferent fibers; 

the pelvic splanchnic nerves (parasympathetic root) 
carry preganglionic parasympathetic fibers from ante- 
rior rami of S2, S3, and S4 spinal nerves to an extension 
of the prevertebral plexus in the pelvis (the inferior 
hypogastric plexus or pelvic plexus). 


Thoracic splanchnic nerves 


Three thoracic splanchnic nerves pass from sympa- 
thetic ganglia along the sympathetic trunk in the thorax 
to the prevertebral plexus and ganglia associated with the 
abdominal aorta in the abdomen (Fig. 4.123): 


the greater splanchnic nerve arises from the fifth to 
the ninth (or tenth) thoracic ganglia and travels to the 
celiac ganglion in the abdomen (a prevertebral gan- 
glion associated with the celiac trunk); 
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Fig. 4.123 Splanchnic nerves. 


= thelesser splanchnic nerve arises from the ninth and Lumbar and sacral splanchnic nerves 


tenth (or tenth and eleventh) thoracic ganglia and There are usually two to four lumbar splanchnic nerves, 
travels to the aorticorenal ganglion; which pass from the lumbar part of the sympathetic trunk 

= the least splanchnic nerve arises from the twelfth or associated ganglia and enter the prevertebral plexus 343 
thoracic ganglion and travels to the renal plexus. (Fig. 4.123). 
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Similarly, the sacral splanchnic nerves pass from the 
sacral part of the sympathetic trunk or associated ganglia 
and enter the inferior hypogastric plexus, which is an 
extension of the prevertebral plexus into the pelvis. 


Pelvic splanchnic nerves 


The pelvic splanchnic nerves (parasympathetic root) 
are unique. They are the only splanchnic nerves that carry 
parasympathetic fibers. In other words, they do not origi- 
nate from the sympathetic trunks. Rather, they originate 
directly from the anterior rami of S2 to S4. Preganglionic 
parasympathetic fibers originating in the sacral spinal cord 
pass from the S2 to S4 spinal nerves to the inferior hypo- 
gastric plexus (Fig. 4.123). Once in this plexus, some of 
these fibers pass upward, enter the abdominal prevertebral 
plexus, and distribute with the arteries supplying the 
hindgut. This provides the pathway for innervation of the 
distal one-third of the transverse colon, the descending 
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Fig. 4.124 Abdominal prevertebral plexus and ganglia. 





colon, and the sigmoid colon by preganglionic parasympa- 
thetic fibers. 


Abdominal prevertebral plexus 
and ganglia 
The abdominal prevertebral plexus is a collection of nerve 
fibers that surrounds the abdominal aorta and is continu- 
ous onto its major branches. Scattered throughout the 
length of the abdominal prevertebral plexus are cell bodies 
of postganglionic sympathetic fibers. Some of these cell 
bodies are organized into distinct ganglia, while others are 
more random in their distribution. The ganglia are usually 
associated with specific branches of the abdominal aorta 
and named after these branches. 

The three major divisions of the abdominal prevertebral 
plexus and associated ganglia are the celiac, aortic, and 
superior hypogastric plexuses (Fig. 4.124). 
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= The celiac plexus is the large accumulation of nerve 
fibers and ganglia associated with the roots of the celiac 
trunk and superior mesenteric artery immediately 
below the aortic hiatus of the diaphragm. Ganglia asso- 
ciated with the celiac plexus include two celiac ganglia, 
a single superior mesenteric ganglion, and two aorti- 
corenal ganglia. 

= The aortic plexus consists of nerve fibers and associ- 
ated ganglia on the anterior and lateral surfaces of the 
abdominal aorta extending from just below the origin 
of the superior mesenteric artery to the bifurcation of 
the aorta into the two common iliac arteries. The major 
ganglion in this plexus is the inferior mesenteric gan- 
glion at the root of the inferior mesenteric artery. 

= The superior hypogastric plexus contains numerous 
small ganglia and is the final part of the abdominal 
prevertebral plexus before the prevertebral plexus con- 
tinues into the pelvic cavity. 


Each of these major plexuses gives origin to a number 
of secondary plexuses, which may also contain small 
ganglia. These plexuses are usually named after the 
vessels with which they are associated. For example, the 
celiac plexus is usually described as giving origin to 
the superior mesenteric plexus and the renal plexus, as 
well as other plexuses that extend out along the various 
branches of the celiac trunk. Similarly, the aortic plexus 
has secondary plexuses consisting of the inferior mesen- 
teric plexus, the spermatic plexus, and the external iliac 
plexus. 

Inferiorly, the superior hypogastric plexus divides into 
the hypogastric nerves, which descend into the pelvis 
and contribute to the formation of the inferior hypogastric 
or pelvic plexus (Fig. 4.124). 

The abdominal prevertebral plexus receives: 


= preganglionic parasympathetic and visceral afferent 
fibers from the vagus nerves [X]; 

= preganglionic sympathetic and visceral afferent fibers 
from the thoracic and lumbar splanchnic nerves; and 

= preganglionic parasympathetic fibers from the pelvic 
splanchnic nerves. 


Parasympathetic innervation 


Parasympathetic innervation of the abdominal part of the 
gastrointestinal tract, and of the spleen, pancreas, gall- 
bladder, and liver is from two sources—the vagus nerves 
[X] and the pelvic splanchnic nerves. 


Vagus nerves 


The vagus nerves |X] enter the abdomen associated with 
the esophagus as the esophagus passes through the dia- 


phragm (Fig. 4.125) and provides parasympathetic inner- 
vation to the foregut and midgut. 

After entering the abdomen as the anterior and 
posterior vagal trunks, they send branches to the 
abdominal prevertebral plexus. These branches contain 
preganglionic parasympathetic fibers and visceral afferent 
fibers, which are distributed with the other components of 
the prevertebral plexus along the branches of the abdomi- 
nal aorta. 


Pelvic splanchnic nerves 


The pelvic splanchnic nerves, carrying preganglionic 
parasympathetic fibers from S2 to S4 spinal cord levels, 
enter the inferior hypogastric plexus in the pelvis. Some of 
these fibers move upward into the inferior mesenteric part 
of the prevertebral plexus in the abdomen (Fig. 4.125). 
Once there, these fibers are distributed with branches of the 
inferior mesenteric artery and provide parasympathetic 
innervation to the hindgut. 


Enteric system 


The enteric system is a division of the visceral part of the 
nervous system and is a local neuronal circuit in the wall 
of the gastrointestinal tract. It consists of motor and sensory 
neurons organized into two interconnected plexuses 
(the myenteric and submucosal plexuses) between the 
layers of the gastrointestinal wall, and the associated nerve 
fibers that pass between the plexuses and from the plexuses 
to the adjacent tissue (Fig. 4.126). 

The enteric system regulates and coordinates numerous 
gastrointestinal tract activities, including gastric secretory 
activity, gastrointestinal blood flow, and the contraction 
and relaxation cycles of smooth muscle (peristalsis). 

Although the enteric system is generally independent of 
the central nervous system, it does receive input from post- 
ganglionic sympathetic and preganglionic parasympa- 
thetic neurons that modifies its activities. 


Sympathetic innervation of 
the stomach 


The pathway of sympathetic innervation of the stomach is 
as follows: 


= A preganglionic sympathetic fiber originating at the T6 
level of the spinal cord enters an anterior root to leave 
the spinal cord. 

= At the level of the intervertebral foramen, the anterior 
root (which contains the preganglionic fiber) and a pos- 
terior root join to form a spinal nerve. 
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Esophagus 


= Outside the vertebral column, the preganglionic fiber 


leaves the anterior ramus of the spinal nerve through 
the white ramus communicans. 

The white ramus communicans, containing the pre- 
ganglionic fiber, connects to the sympathetic trunk. 
Entering the sympathetic trunk, the preganglionic fiber 
does not synapse, but passes through the trunk, and 
enters the greater splanchnic nerve. 
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Fig. 4.125 Parasympathetic innervation of the abdominal portion of the gastrointestinal tract. 


The greater splanchnic nerve passes through the 
crura of the diaphragm and enters the celiac 
ganglion. 

In the celiac ganglion, the preganglionic fiber synapses 
with a postganglionic neuron. 

The postganglionic fiber joins the plexus of nerve fibers 
surrounding the celiac trunk and continues along its 
branches. 
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Fig. 4.126 The enteric system. 


= The postganglionic fiber travels through the plexus of 
nerves accompanying the branches of the celiac trunk 
supplying the stomach and eventually reaches its point 
of distribution. 


In the clinic 


Surgery for obesity 
Surgery for obesity is also known as weight loss surgery 
and bariatric surgery. This type of surgery has become 
increasingly popular over the last few years for patients 
who are unable to achieve significant weight loss through 
appropriate diet modification and exercise programs. It is 
often regarded as a last resort. Importantly, we have to 
recognize the increasing medical impact that overweight 
patients pose. With obesity the patient is more likely to 
develop diabetes and cardiovascular problems and may 
suffer from increased general health disorders. All of these 
have a significant impact on health care budgeting and are 
regarded as serious conditions for the “health of a nation.” 

There are a number of surgical options to treat obesity. 
The American College of Physicians has indicated that, 
currently, patients with a body mass index of greater than 
40 kg per m? who have failed adequate exercise or diet 
programs with other complicating factors (e.g., diabetes) 
may require surgical procedures. 

Surgery for patients who are morbidly obese can be 
categorized into two main groups: malabsorptive 
procedures and restrictive procedures. 
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= This input from the sympathetic system may modify the 
activities of the gastrointestinal tract controlled by the 
enteric nervous system. 


Malabsorptive procedures 

There are a variety of bypass procedures that produce a 
malabsorption state, preventing further weight gain and 
also producing weight loss. There are complications, 
which may include anemia, osteoporosis, and diarrhea 
(e.g., jejunoileal bypass). 


Predominantly restrictive procedures 

Restrictive procedures involve placing a band or stapling 
in or around the stomach to decrease the size of the 
organ. This reduction produces an earlier feeling of satiety 
and prevents the patient from overeating. 


Combination procedures 
Probably the most popular procedure currently in the 
United States, this procedure involves stapling the 
proximal stomach and joining a loop of small bowel to the 
small gastric remnant. 
Any overweight patient undergoing surgery faces 
significant risk and increased morbidity with mortality 
rates from 1% to 5%. 347 
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POSTERIOR ABDOMINAL 
REGION 


The posterior abdominal region is posterior to the abdomi- 
nal part of the gastrointestinal tract, the spleen, and the 
pancreas (Fig. 4.127). This area, bounded by bones and 
muscles making up the posterior abdominal wall, contains 
numerous structures that not only are directly involved in 
the activities of the abdominal contents but also use this 
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Fig. 4.127 Posterior abdominal region. 





area as a conduit between body regions. Examples include 
the abdominal aorta and its associated nerve plexuses, the 
inferior vena cava, the sympathetic trunks, and lymphat- 
ics. There are also structures originating in this area that 
are critical to the normal function of other regions of the 
body (i.e., the lumbar plexus of nerves), and there are 
organs that associate with this area during development 
and remain in it in the adult (i.e., the kidneys and supra- 
renal glands). 
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Projecting into the midline of the posterior abdominal area 
are the bodies of the five lumbar vertebrae (Fig. 4.128). 
The prominence of these structures in this region is due to 
the secondary curvature (a forward convexity) of the 
lumbar part of the vertebral column. 

The lumbar vertebrae can be distinguished from cervi- 
cal and thoracic vertebrae because of their size. They are 
much larger than any other vertebrae in any other region. 
The vertebral bodies are massive and progressively increase 
in size from vertebra LI to LV. The pedicles are short and 
stocky, the transverse processes are long and slender, and 
the spinous processes are large and stubby. The articular 
processes are large and oriented medially and laterally, 
which promotes flexion and extension in this part of the 
vertebral column. 
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Fig. 4.128 Osteology of the posterior abdominal wall. 


Between each lumbar vertebra is an intervertebral disc, 
which completes this part of the midline boundary of the 
posterior abdominal wall. 

The midline boundary of the posterior abdominal wall, 
inferior to the lumbar vertebrae, consists of the upper 
margin of the sacrum (Fig. 4.128). The sacrum is formed 
by the fusion of the five sacral vertebrae into a single, 
wedge-shaped bony structure that is broad superiorly and 
narrows inferiorly. Its concave anterior surface and its 
convex posterior surface contain anterior and posterior 
sacral foramina for the anterior and posterior rami of spinal 
nerves to pass through. 


Pelvic bones 


The ilia, which are components of each pelvic bone, attach 
laterally to the sacrum at the sacro-iliac joints (Fig. 4.128). 
The upper part of each ilium expands outward into a thin 
wing-like area (the iliac fossa). The medial side of this 
region of each iliac bone, and the related muscles, are com- 
ponents of the posterior abdominal wall. 


Ribs 

Superiorly, ribs XI and XII complete the bony framework 
of the posterior abdominal wall (Fig. 4.128). These ribs are 
unique in that they do not articulate with the sternum, 
they have a single articular facet on their heads, and they 
do not have necks or tubercles. 

Rib XI is posterior to the superior part of the left kidney, 
and rib XII is posterior to the superior part of both kidneys. 
Also, rib XII serves as a point of attachment for numerous 
muscles and ligaments. 


Muscles 


Muscles forming the medial, lateral, inferior, and superior 
boundaries of the posterior abdominal region fill in 
the bony framework of the posterior abdominal wall 
(Table 4.2). Medially are the psoas major and minor 
muscles, laterally is the quadratus lumborum muscle, infe- 
riorly is the iliacus muscle, and superiorly is the diaphragm 
(Fig. 4.129). 


Psoas major and minor 


Medially, the psoas major muscles cover the anterolateral 
surface of the bodies of the lumbar vertebrae, filling in the 
space between the vertebral bodies and the transverse 
processes (Fig. 4.129). Each of these muscles arises from 
the bodies of vertebra TXII and all five lumbar vertebrae, 
from the intervertebral discs between each vertebra, and 
from the transverse processes of the lumbar vertebrae. 
Passing inferiorly along the pelvic brim, each muscle con- 
tinues into the anterior thigh, under the inguinal ligament, 
to attach to the lesser trochanter of the femur. 
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Table 4.2 Posterior abdominal wall muscles 


Muscle Origin Insertion Innervation Function 
Psoas Lateral surface of bodies of TXII and LI to LV Lesser trochanter of the Anterior rami of L1 Flexion of thigh at hip joint 
major vertebrae, transverse processes of the lumbar femur to L3 
vertebrae, and the intervertebral discs 
between TXII and LI to LV vertebrae 
Psoas Lateral surface of bodies of TXII and LI Pectineal line of the Anterior rami of L1 Weak flexion of lumbar 
minor vertebrae and intervening intervertebral disc pelvic brim and vertebral column 
iliopubic eminence 
Quadratus Transverse process of LV vertebra, iliolumbar Transverse processes of Anterior rami of T12 Depress and stabilize rib XII 
lumborum ligament, and iliac crest LI to LIV vertebrae and and L1 to L4 and some lateral bending of 
inferior border of rib XII trunk 
lliacus Upper two-thirds of iliac fossa, anterior sacro- Lesser trochanter of Femoral nerve (L2 Flexion of thigh at hip joint 


iliac and iliolumbar ligaments, and upper 


femur 


to L4) 


lateral surface of sacrum 


Psoas minor Lumbar vessels 


Psoas major Transversus abdominis 


Associated with the psoas major muscle is the psoas 
minor muscle, which is sometimes absent. Lying on the 
surface of the psoas major when present, this slender 
muscle arises from vertebrae TXII and LI and the interven- 
ing intervertebral disc; its long tendon inserts into the pec- 
tineal line of the pelvic brim and the iliopubic eminence. 

The psoas minor is a weak flexor of the lumbar vertebral 
column and is innervated by the anterior ramus of 
nerve Ll. 


Quadratus lumborum 


Laterally, the quadratus lumborum muscles fill the space 
between ribs XII and the iliac crest on both sides of the 
vertebral column (Fig. 4.129). They are overlapped medi- 
ally by the psoas major muscles; along their lateral borders 
are the transversus abdominis muscles. 

Each quadratus lumborum muscle arises from the 
transverse process of vertebra LV, the iliolumbar ligament, 
and the adjoining part of the iliac crest. The muscle attaches 
superiorly to the transverse process of the first four lumbar 
vertebrae and the inferior border of rib XII. 

The quadratus lumborum muscles depress and stabilize 
the twelfth ribs and contribute to lateral bending of the 

Guadet ombori trunk. Acting together, the muscles may extend the lumbar 
| 7 TT part of the vertebral column. They are innervated by ante- 
rior rami of T12 and L1 to L4 spinal nerves. 





lliacus 


Ilia 
Fig. 4.129 Muscles of the posterior abdominal wall. CEES 


Inferiorly, an iliacus muscle fills the iliac fossa on each side 
(Fig. 4.129). From this expansive origin covering the iliac 
fossa, the muscle passes inferiorly, joins with the psoas 
major muscle, and attaches to the lesser trochanter of the 
femur. As they pass into the thigh, these combined muscles 
are referred to as the iliopsoas muscle. 


The psoas major muscle flexes the thigh at the hip joint 

when the trunk is stabilized and flexes the trunk against 

350 gravity when the body is supine. It is innervated by ante- 
rior rami of nerves L1 to L3. 
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Fig. 4.130 Diaphragm. 


Like the psoas major muscle, the iliacus flexes the thigh 
at the hip joint when the trunk is stabilized and flexes the 
trunk against gravity when the body is supine. It is inner- 
vated by branches of the femoral nerve. 


Diaphragm 
Superiorly, the diaphragm forms the boundary of the pos- 
terior abdominal region. This musculotendinous sheet also 
separates the abdominal cavity from the thoracic cavity. 
Structurally, the diaphragm consists of a central tendi- 
nous part into which the circumferentially arranged 
muscle fibers attach (Fig. 4.130). The diaphragm is 
anchored to the lumbar vertebrae by musculotendinous 
crura, which blend with the anterior longitudinal ligament 
of the vertebral column: 


= the right crus is the longest and broadest of the crura 
and is attached to the bodies of vertebrae LI to LIII, and 
the intervening intervertebral discs (Fig. 4.131); 

= similarly, the left crus is attached to vertebrae LI and 
LII and the associated intervertebral disc. 


The crura are connected across the midline by a tendi- 
nous arch (the median arcuate ligament), which passes 
anterior to the aorta (Fig. 4.131). 
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Lateral to the crura, a second tendinous arch is formed 
by the fascia covering the upper part of the psoas major 
muscle. This is the medial arcuate ligament, which is 
attached medially to the sides of vertebrae LI and LII and 
laterally to the transverse process of vertebra LI (Fig. 
4.131). 

A third tendinous arch, the lateral arcuate ligament, 
is formed by a thickening in the fascia that covers the qua- 
dratus lumborum. It is attached medially to the transverse 
process of vertebra LI and laterally to rib XII (Fig. 4.131). 

The medial and lateral arcuate ligaments serve as points 
of origin for some of the muscular components of the 
diaphragm. 


Structures passing through or around 
the diaphragm 


Numerous structures pass through or around the 
diaphragm (Fig. 4.130): 


= the aorta passes posterior to the diaphragm and ante- 
rior to the vertebral bodies at the lower level of vertebra 
TXII; it is between the two crura of the diaphragm and 
posterior to the median arcuate ligament, just to the left 
of midline; 

=™ accompanying the aorta through the aortic hiatus is 

the thoracic duct and, sometimes, the azygos vein; 

the esophagus passes through the musculature of the 

right crus of the diaphragm at the level of vertebra TX, 

just to the left of the aortic hiatus; 

= passing through the esophageal hiatus with the esoph- 
agus are the anterior and posterior vagal trunks, the 
esophageal branches of the left gastric artery and vein, 
and a few lymphatic vessels; 

= the third large opening in the diaphragm is the caval 
opening through which the inferior vena cava passes 
from the abdominal cavity to the thoracic cavity (Fig. 
4.130) at approximately vertebra TVIII in the central 
tendinous part of the diaphragm; 

= accompanying the inferior vena cava through the caval 
opening is the right phrenic nerve; 

= the left phrenic nerve passes through the muscular part 
of the diaphragm just anterior to the central tendon on 
the left side. 
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Additional structures pass through small openings 
either in or just outside the diaphragm as they pass from 
the thoracic cavity to the abdominal cavity (Fig. 4.130): 


= the greater and lesser splanchnic nerves pass through 
the crura, on either side; 

the hemiazygos vein passes through the left crus; 

= passing posterior to the medial arcuate ligament, on 
either side, are the sympathetic trunks and the least 
splanchnic nerves; 

passing anterior to the diaphragm, just deep to the ribs, 
are the superior epigastric vessels; 

other vessels and nerves (i.e., the musculophrenic 
vessels and intercostal nerves) also pass through the 
diaphragm at various points. 
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Domes 


The classic appearance of the right and left domes of the 
diaphragm is caused by the underlying abdominal con- 
tents pushing these lateral areas upward, and by the fibrous 
pericardium, which is attached centrally, causing a flat- 
tening of the diaphragm in this area (Fig. 4.132). 


Left dome of 
diaphragm 


Right dome of 
diaphragm 








Heart 


Fig. 4.132 Right and left domes of the diaphragm. Chest 
radiograph. 


The domes are produced by: 


= the liver on the right, with some contribution from the 
right kidney and the right suprarenal gland; and 

= the fundus of the stomach and spleen on the left, with 
contributions from the left kidney and the left suprare- 
nal gland. 


Although the height of these domes varies during 
breathing, a reasonable estimate in normal expiration 
places the left dome at the fifth intercostal space and the 
right dome at rib V. This is important to remember when 
percussing the thorax. 

During inspiration, the muscular part of the diaphragm 
contracts, causing the central tendon of the diaphragm to 
be drawn inferiorly. This results in some flattening of the 
domes, enlargement of the thoracic cavity, and a reduction 
in intra-thoracic pressure. The physiological effect of these 
changes is that air enters the lungs and venous return to 
the heart is enhanced. 


Blood supply 


There is blood supply to the diaphragm on its superior and 
inferior surfaces: 


= superiorly, the musculophrenic and pericardiaco- 
phrenic arteries, both branches of the internal tho- 
racic artery, and the superior phrenic artery, a 
branch of the thoracic aorta, supply the diaphragm; 

= inferiorly, the inferior phrenic arteries, branches of 
the abdominal aorta, supply the diaphragm (see Fig. 
4.130). 


Venous drainage is through companion veins to these 
arteries. 


Innervation 


Innervation of the diaphragm is primarily by the phrenic 
nerves. These nerves, from the C3 to C5 spinal cord levels, 
provide all motor innervation to the diaphragm and 
sensory fibers to the central part. They pass through the 
thoracic cavity, between the mediastinal pleura and the 
pericardium, to the superior surface of the diaphragm. 
At this point, the right phrenic nerve accompanies the 
inferior vena cava through the diaphragm and the 
left phrenic nerve passes through the diaphragm by itself 
(see Fig. 4.130). Additional sensory fibers are supplied to 
the peripheral areas of the diaphragm by intercostal 
nerves. 


In the clinic 


Psoas muscle abscess 

At first glance, it is difficult to appreciate why the psoas 
muscle sheath is of greater importance than any other 
muscle sheath. The psoas muscle and its sheath arise 
not only from the lumbar vertebrae but also from the 
intervertebral discs between each vertebra. This disc 
Origin is of critical importance. In certain types of 
infection, the intervertebral disc is preferentially 
affected (e.g., tuberculosis and salmonella discitis). As 
the infection of the disc develops, the infection spreads 
anteriorly and anterolaterally. In the anterolateral 
position, the infection passes into the psoas muscle 
sheath, and spreads within the muscle and sheath, and 
may appear below the inguinal ligament as a mass. 
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In the clinic 


Diaphragmatic hernias 

To understand why a hernia occurs through the 
diaphragm, it is necessary to consider the embryology of 
the diaphragm. 

The diaphragm is formed from four structures—the 
septum transversum, the posterior esophageal mesentery, 
the pleuroperitoneal membrane, and the peripheral rim— 
which eventually fuse together, so separating the 
abdominal cavity from the thoracic cavity. The septum 
transversum forms the central tendon, which develops 
from a mesodermal origin in front of the embryo’s head 
and then moves to its more adult position during 
formation of the head fold. 

Fusion of the various components of the diaphragm 
may fail, and hernias may occur through the failed points 
of fusion (Fig. 4.133). The commonest sites are: 


= between the xiphoid process and the costal margins 
on the right (Morgagni’s hernia); and 
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m through an opening on the left when the 
pleuroperitoneal membrane fails to close the 
pericardioperitoneal canal (Bochdalek’s hernia). 


Hernias may also occur through the central tendon and 
through a congenitally large esophageal hiatus. 

Morgagni’s and Bochdalek’s hernias tend to appear at 
or around the time of birth or in early infancy. They allow 
abdominal bowel to enter the thoracic cavity, which may 
compress the lungs and reduce respiratory function. Most 
of these hernias require surgical closure of the 
diaphragmatic defect. 

Occasionally, small defects within the diaphragm fail to 
permit bowel through, but do allow free movement of 
fluid. Patients with ascites may develop pleural effusions, 
while patients with pleural effusions may develop ascites 
when these defects are present. 






Fetal diaphragm 
developed on 
right side 





Maternal lumbar 
vertebra 


Fetal head 


Normal fetal lung development on right 


side of thoracic cavity 


Fig. 4.133 Fetal diaphragmatic hernia in utero. T2-weighted MR image. Fetus in coronal plane, mother in sagittal plane. 
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In the clinic 


Hiatus hernia 

At the level of the esophageal hiatus, the diaphragm 
may be lax, allowing the fundus of the stomach to 
herniate into the posterior mediastinum (Fig. 4.134). 
This typically causes symptoms of acid reflux. Ulceration 
may occur and may produce bleeding and anemia. The 
diagnosis is usually made by barium studies or 
endoscopy. Treatment in the first instance is by medical 
management, although surgery may be necessary. 


Gastroesophageal junction Esophagus 


Hiatus 
hernia 


Position 


f th 
Stomach pee 





Fig. 4.134 Lower esophagus and upper stomach showing a 
hiatus hernia. Radiograph using barium. 


diaphragm 


Viscera 

Kidneys 

The bean-shaped kidneys are retroperitoneal in the poste- 
rior abdominal region (Fig. 4.135). They lie in the extra- 
peritoneal connective tissue immediately lateral to the 
vertebral column. In the supine position, the kidneys 
extend from approximately vertebra TXII superiorly to ver- 
tebra LIII inferiorly, with the right kidney somewhat lower 
than the left because of its relationship with the liver. 
Although they are similar in size and shape, the left kidney 
is a longer and more slender organ than the right kidney, 
and nearer to the midline. 


Inferior vena cava Esophagus 
Right suprarenal gland Left suprarenal gland 
Diaphragm Left kidney 





Right kidney 


Abdominal aorta 


Cut edges of peritoneum 


Fig. 4.135 Retroperitoneal position of the kidneys in the posterior 
abdominal region. 
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Fig. 4.136 Structures related to the anterior surface of each kidney. 


Relationships to other structures 


The anterior surface of the right kidney is related to numer- 
ous structures, some of which are separated from the 
kidney by a layer of peritoneum and some of which are 
directly against the kidney (Fig. 4.136): 


= asmall part of the superior pole is covered by the right 
suprarenal gland; 

= moving inferiorly, a large part of the rest of the upper 
part of the anterior surface is against the liver and is 
separated from it by a layer of peritoneum; 

= medially, the descending part of the duodenum is retro- 
peritoneal and contacts the kidney; 

= the inferior pole of the kidney, on its lateral side, is 
directly associated with the right colic flexure and, on 
its medial side, is covered by a segment of the intraperi- 
toneal small intestine. 


The anterior surface of the left kidney is also related to 
numerous structures, some with an intervening layer of 
peritoneum and some directly against the kidney (Fig. 
4.136): 





= a small part of the superior pole, on its medial side, is 
covered by the left suprarenal gland; 

= the rest of the superior pole is covered by the intraperi- 
toneal stomach and spleen; 

= moving inferiorly, the retroperitoneal pancreas covers 

the middle part of the kidney; 
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on its lateral side, the lower half of the kidney is covered 
by the left colic flexure and the beginning of the descend- 
ing colon, and, on its medial side, by the parts of the 
intraperitoneal jejunum. 


Posteriorly, the right and left kidneys are related to 
similar structures (Fig. 4.137). Superiorly is the diaphragm 
and inferior to this, moving in a medial to lateral direction, 
are psoas major, quadratus lumborum, and transversus 
abdominis muscles. 

The superior pole of the right kidney is anterior to rib 
XII, while the same region of the left kidney is anterior to 
ribs XI and XII. The pleural sacs, and specifically, the cos- 
todiaphragmatic recesses, therefore extend posterior to the 
kidneys. 

Also passing posterior to the kidneys are the subcostal 
vessels and nerves and the iliohypogastric and ilio- 
inguinal nerves. 


Renal fat and fascia 


The kidneys are enclosed in and associated with a unique 
arrangement of fascia and fat. Immediately outside the 
renal capsule, there is an accumulation of extraperitoneal 
fat—the perinephric fat (perirenal fat), which com- 
pletely surrounds the kidney (Fig. 4.138). Enclosing the 
perinephric fat isa membranous condensation of the extra- 
peritoneal fascia (the renal fascia). The suprarenal glands 
are also enclosed in this fascial compartment, usually sepa- 
rated from the kidneys by a thin septum. The renal fascia 
must be incised in any surgical approach to this organ. 
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Fig. 4.137 Structures related to the posterior surface of each kidney. 
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Fig. 4.138 Organization of fat and fascia surrounding the kidney. 
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At the lateral margins of each kidney, the anterior and 
posterior layers of the renal fascia fuse (Fig. 4.138). This 
fused layer may connect with the transversalis fascia on 
the lateral abdominal wall. 

Above each suprarenal gland, the anterior and poste- 
rior layers of the renal fascia fuse and blend with the fascia 
that covers the diaphragm. 

Medially, the anterior layer of the renal fascia continues 
over the vessels in the hilum and fuses with the connective 
tissue associated with the abdominal aorta and the inferior 
vena cava (Fig. 4.138). In some cases, the anterior layer 
may cross the midline to the opposite side and blend with 
its companion layer. 

The posterior layer of the renal fascia passes medially 
between the kidney and the fascia covering the quadratus 
lumborum muscle to fuse with the fascia covering the 
psoas major muscle. 

Inferiorly, the anterior and posterior layers of the renal 
fascia enclose the ureters. 

In addition to perinephric fat and the renal fascia, a final 
layer of paranephric fat (pararenal fat) completes the 
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Fig. 4.139 Internal structure of the kidney. 


fat and fascias associated with the kidney (Fig. 4.138). 
This fat accumulates posterior and posterolateral to each 
kidney. 


Kidney structure 


Each kidney has a smooth anterior and posterior surface 
covered by a fibrous capsule, which is easily removable 
except during disease. 

On the medial margin of each kidney is the hilum of 
kidney, which is a deep vertical slit through which renal 
vessels, lymphatics, and nerves enter and leave the sub- 
stance of the kidney (Fig. 4.139). Internally, the hilum is 
continuous with the renal sinus. Perinephric fat continues 
into the hilum and sinus and surrounds all structures. 

Each kidney consists of an outer renal cortex and an 
inner renal medulla. The renal cortex is a continuous band 
of pale tissue that completely surrounds the renal medulla. 
Extensions of the renal cortex (the renal columns) project 
into the inner aspect of the kidney, dividing the renal 
medulla into discontinuous aggregations of triangular- 
shaped tissue (the renal pyramids). 
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The bases of the renal pyramids are directed outward, 
toward the renal cortex, while the apex of each renal 
pyramid projects inward, toward the renal sinus. The 
apical projection (renal papilla) is surrounded by a minor 
calyx. 

The minor calices receive urine and represent the proxi- 
mal parts of the tube that will eventually form the ureter 
(Fig. 4.139). In the renal sinus, several minor calices unite 
to form a major calyx, and two or three major calices 
unite to form the renal pelvis, which is the funnel-shaped 
superior end of the ureters. 


Renal vasculature and lymphatics 


A single large renal artery, a lateral branch of the abdom- 
inal aorta, supplies each kidney. These vessels usually arise 
just inferior to the origin of the superior mesenteric artery 
between vertebrae LI and LII (Fig. 4.140). The left renal 
artery usually arises a little higher than the right, and the 
right renal artery is longer and passes posterior to the 
inferior vena cava. 

As each renal artery approaches the renal hilum, it 
divides into anterior and posterior branches, which supply 
the renal parenchyma. Accessory renal arteries are 
common. They originate from the lateral aspect of the 
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Fig. 4.140 Renal vasculature. 


abdominal aorta, either above or below the primary renal 
arteries, enter the hilum with the primary arteries or pass 
directly into the kidney at some other level, and are com- 
monly called extrahilar arteries. 

Multiple renal veins contribute to the formation of the 
left and right renal veins, both of which are anterior to 
the renal arteries (Fig. 4.140). Importantly, the longer left 
renal vein crosses the midline anterior to the abdominal 
aorta and posterior to the superior mesenteric artery and 
can be compressed by an aneurysm in either of these two 
vessels. 

The lymphatic drainage of each kidney is to the lateral 
aortic (lumbar) nodes around the origin of the renal 
artery. 


Ureters 


The ureters are muscular tubes that transport urine from 
the kidneys to the bladder. They are continuous superi- 
orly with the renal pelvis, which is a funnel-shaped struc- 
ture in the renal sinus. The renal pelvis is formed from a 
condensation of two or three major calices, which in turn 
are formed by the condensation of several minor calices 
(see Fig. 4.139). The minor calices surround a renal 
papilla. 
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The renal pelvis narrows as it passes inferiorly through At three points along their course the ureters are con- 
the hilum of the kidney and becomes continuous with the stricted (Fig. 4.141): 
ureter at the ureteropelvic junction (Fig. 4.141). Infe- 
rior to this junction, the ureters descend retroperitoneally = the first point is at the ureteropelvic junction; 
on the medial aspect of the psoas major muscle. At the = the second point is where the ureters cross the common 


pelvic brim, the ureters cross either the end of the common iliac vessels at the pelvic brim; 

iliac or the beginning of the external iliac arteries, enter = the third point is where the ureters enter the wall of the 
the pelvic cavity, and continue their journey to the bladder. 

bladder. 


Kidney stones can become lodged at these constrictions. 
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Ureteric vasculature and lymphatics 


The ureters receive arterial branches from adjacent vessels 
as they pass towards the bladder (Fig. 4.141): 


the renal arteries supply the upper end; 

the middle part may receive branches from the abdomi- 
nal aorta, the testicular or ovarian arteries, and the 
common iliac arteries; 

in the pelvic cavity, the ureters are supplied by one or 
more arteries from branches of the internal iliac 
arteries. 


In all cases, arteries reaching the ureters divide into 
ascending and descending branches, which form longitu- 
dinal anastomoses. 

Lymphatic drainage of the ureters follows a pattern 
similar to that of the arterial supply. Lymph from: 


the upper part of each ureter drains to the lateral aortic 
(lumbar) nodes; 

the middle part of each ureter drains to lymph nodes 
associated with the common iliac vessels; 

the inferior part of each ureter drains to lymph nodes 
associated with the external and internal iliac 
vessels. 


Ureteric innervation 


Ureteric innervation is from the renal, aortic, superior 
hypogastric, and inferior hypogastric plexuses through 
nerves that follow the blood vessels. 

Visceral efferent fibers come from both sympathetic and 
parasympathetic sources, whereas visceral afferent fibers 
return to T11 to L2 spinal cord levels. Ureteric pain, which 
is usually related to distention of the ureter, is therefore 
referred to cutaneous areas supplied by T11 to L2 spinal 
cord levels. These areas would most likely include the pos- 
terior and lateral abdominal wall below the ribs and above 
the iliac crest, the pubic region, the scrotum in males, the 
labia majora in females, and the proximal anterior aspect 
of the thigh. 


In the clinic 


Urinary tract cancer 

Most tumors that arise in the kidney are renal cell 
carcinomas. These tumors develop from the proximal 
tubular epithelium. Approximately 5% of tumors within 
the kidney are transitional cell tumors, which arise from 
the urothelium of the renal pelvis. Most patients typically 
have blood in the urine (hematuria), pain in the 
infrascapular region (loin), and a mass. 


Regional anatomy ° Posterior abdominal region 


In the clinic 


Urinary tract stones 

Urinary tract stones (calculi) occur more frequently in 
men than in women, are most common in people aged 
between 20 and 60 years, and are usually associated 
with sedentary lifestyles. The stones are polycrystalline 
aggregates of calcium, phosphate, oxalate, urate, and 
other soluble salts within an organic matrix. The urine 
becomes saturated with these salts, and small variations 
in the pH cause the salts to precipitate. 

Typically the patient has pain that radiates from the 
infrascapular region (loin) into the groin, and even into 
the scrotum or labia majora. Blood in the urine 
(hematuria) may also be noticed. 

Infection must be excluded because certain species 
of bacteria are commonly associated with urinary tract 
stones. 

The complications of urinary tract stones include 
infection, urinary obstruction, and renal failure. Stones 
may also develop within the bladder and produce 
marked irritation, causing pain and discomfort. 

The diagnosis of urinary tract stones is based upon 
history and examination. Stones are often visible on 
abdominal radiographs. Special investigations include: 


= ultrasound scanning, which may demonstrate the 
dilated renal pelvis and calices when the urinary 
system is obstructed; and 

m an intravenous urogram, which will demonstrate 
the obstruction, pinpoint the exact level, and 
enable the surgeon to plan a procedure to remove 
the stone if necessary. 


Renal cell tumors are unusual because not only do they 
grow outward from the kidney, invading the fat and 
fascia, but they also spread into the renal vein. This 
venous extension is rare for any other type of tumor, so, 
when seen, renal cell carcinoma should be suspected. In 
addition, the tumor may spread along the renal vein and 
into the inferior vena cava, and in rare cases can grow into 
the right atrium across the tricuspid valve and into the 
pulmonary artery (Figs. 4.142 and 4.143). 
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Fig. 4.143 Tumor in the right kidney spreading into the right 
renal vein. Computed tomogram in the axial plane. 


Fig. 4.142 Tumor in the right kidney growing toward, and 
possibly invading, the duodenum. Computed tomogram in the 
axial plane. 


Treatment for most renal cancers is surgical removal, 
even when metastatic spread is present, because some 
patients show regression of metastases. 

Transitional cell carcinoma arises from the urothelium. 
The urothelium is present from the calices to the urethra 
and behaves as a “single unit.” Therefore, when patients 
develop transitional carcinomas within the bladder, similar 
tumors may also be present within upper parts of the 
urinary tract. In patients with bladder cancer, the whole of 
the urinary tract must always be investigated to exclude 
the possibility of other tumors (Fig. 4.144). 





Right kidney Left kidney 


Fig. 4.144 Transitional cell carcinoma in the pelvis of the right 
kidney. Coronal computed tomogram reconstruction. 


In the Clinic 


Nephrostomy 
A nephrostomy is a procedure where a tube is placed 
through the lateral or posterior abdominal wall into the 
renal cortex to lie within the renal pelvis. The function of 
this tube is to allow drainage of urine from the renal pelvis 
through the tube externally (Fig. 4.145). 

The kidneys are situated on the posterior abdominal 
wall, and in thin healthy subjects may be only up to 2- 
3 cm from the skin. Access to the kidney is relatively 
straightforward, because the kidney can be easily 
visualized under ultrasound guidance. Using local 
anesthetic, a needle can be placed, under ultrasound 
direction, through the skin into the renal cortex and into 
the renal pelvis. A series of wires and tubes can be passed 
through the needle to position the drainage catheter. 

The indications of such a procedure are many. In 
patients with distal ureteric obstruction the back pressure 
of urine within the ureters and the kidney significantly 
impairs the function of the kidney, which will fail to 
function. This will produce renal failure and ultimately 
death. Furthermore, a dilated obstructed system is also 
susceptible to infection. In many cases, there is not only 
obstruction producing renal failure but also infected urine 
within the system. 








“JJ” stent 


Fig. 4.145 This radiograph, anterior-posterior view, 
demonstrates a double J stent. The superior aspect of the 
double J stent is situated within the renal pelvis. The stent 
passes through the ureter describing the path of the ureter, 
and the tip of the double J stent is projected over the 
bladder, which appears as a slightly dense area on the 
radiograph. 
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In the clinic 


Kidney transplant 

Kidney transplantation began in the United States in the 
1950s. Since the first transplant, the major problem for 
kidney transplantation has been tissue rejection. A 
number of years have passed since this initial procedure 
and there have been significant breakthroughs in 
transplant rejection medicine. Renal transplantation is 
now a common procedure undertaken in patients with 
end stage renal failure. 

Transplant kidneys are obtained from either living or 
deceased donors. The living donors are carefully assessed, 
because harvesting a kidney from a normal healthy individual, 
even with modern day medicine, carries a small risk. 

Deceased kidney donors are brain dead or have 
suffered cardiac death. The donor kidney is harvested with 
a small cuff of aortic and venous tissue. The ureter is also 
harvested. 

An ideal place to situate the transplant kidney is in the 
left or the right iliac fossa (Fig. 4.146). A curvilinear incision 
is made paralleling the iliac crest and pubic symphysis. 
The external oblique muscle, internal oblique muscle, 
transverse abdominis muscle, and transversalis fascia are 


The left external iliac artery 
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divided. The surgeon identifies the parietal peritoneum 
but does not enter the peritoneal cavity. The parietal 
peritoneum is medially retracted to reveal the external 
iliac artery, external iliac vein, and the bladder. In some 
instances the internal iliac artery of the recipient is 
mobilized and anastomosed directly as an end-to-end 
procedure onto the renal artery of the donor kidney. 
Similarly the internal iliac vein is anastomosed to the 
donor vein. In the presence of a small aortic cuff of tissue 
the donor artery is anastomosed to the recipient external 
iliac artery and similarly for the venous anastomosis. The 
ureter is easily tunneled obliquely through the bladder 
wall with a straightforward anastomosis. 

The left and right iliac fossae are ideal locations for the 
transplant kidney, because a new space can be created 
without compromise to other structures. The great 
advantage of this procedure is the proximity to the 
anterior abdominal wall, which permits easy ultrasound 
visualization of the kidney and permits Doppler vascular 
assessment. Furthermore, in this position biopsies are 
easily obtained. The extraperitoneal approach enables 
patients to make a swift recovery. 
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Fig. 4.146 Kidney transplant. A. This image demonstrates an MR angiogram of the bifurcation of the aorta. Attaching to the left external 
iliac artery is the donor artery for a kidney that has been transplanted into the left iliac fossa. B. Abdominal computed tomogram, in the 


axial plane, showing the transplanted kidney in the left iliac fossa. 


Suprarenal glands 


The suprarenal glands are associated with the superior 
pole of each kidney (Fig. 4.147). They consist of an outer 
cortex and an inner medulla. The right gland is shaped like 
a pyramid, whereas the left gland is semilunar in shape and 
the larger of the two. 

Anterior to the right suprarenal gland is part of the right 
lobe of the liver and the inferior vena cava, whereas ante- 
rior to the left suprarenal gland is part of the stomach, 
pancreas, and, on occasion, the spleen. Parts of the dia- 
phragm are posterior to both glands. 

The suprarenal glands are surrounded by the perineph- 
ric fat and enclosed in the renal fascia, though a thin 
septum separates each gland from its associated kidney. 


Suprarenal vasculature 


The arterial supply to the suprarenal glands is extensive 
and arises from three primary sources (Fig. 4.147): 





= asthe bilateral inferior phrenic arteries pass upward 
from the abdominal aorta to the diaphragm, they give 
off multiple branches (superior suprarenal arteries) 
to the suprarenal glands; 

= a middle branch (middle suprarenal artery) to the 
suprarenal glands usually arises directly from the 
abdominal aorta; 

= inferior branches (inferior suprarenal arteries) from 
the renal arteries pass upward to the suprarenal 
glands. 


In contrast to this multiple arterial supply is the venous 
drainage, which usually consists of a single vein leaving 
the hilum of each gland. On the right side, the right supra- 
renal vein is short and almost immediately enters the 
inferior vena cava; while on the left side, the left suprare- 
nal vein passes inferiorly to enter the left renal vein. 


Inferior phrenic arteries 
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Fig. 4.147 Arterial supply to the suprarenal glands. 
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In the clinic 


Investigation of the urinary tract 

After an appropriate history and examination of the 
patient, including a digital rectal examination to assess 
the prostate in men, special investigations are required. 


IVU (intravenous urogram) 

An IVU is one of the most important and commonly 
carried out radiological investigations. The patient is 
injected with iodinated contrast medium. Most contrast 
media contain three iodine atoms spaced around a 
benzene ring. The relatively high atomic number of iodine 
compared to the atomic number of carbon, hydrogen, 
and oxygen, attenuates the radiation beam. After 
intravenous injection, contrast media are excreted 
predominantly by glomerular filtration, although some are 
secreted by the renal tubules. This allows visualization of 
the collecting system as well as the ureters and bladder. 


Ultrasound 
Ultrasound can be used to assess kidney size and the size 
of the calices, which may be dilated when obstructed. 


Vasculature 
Abdominal aorta 


The abdominal aorta begins at the aortic hiatus of the dia- 
phragm as a midline structure at approximately the lower 
level of vertebra TXII (Fig. 4.148). It passes downward on 
the anterior surface of the bodies of vertebrae LI to LIV, 
ending just to the left of midline at the lower level of verte- 
bra LIV. At this point, it divides into the right and left 
common iliac arteries. This bifurcation can be visualized 
on the anterior abdominal wall as a point approximately 
2.5 cm below the umbilicus or even with a line extending 
between the highest points of the iliac crest. 


Although the ureters are poorly visualized using 
ultrasound, the bladder can be easily seen when full. 
Ultrasound measurements of bladder volume can be 
obtained before and after micturition. 


Computed tomography 

Computed tomography can be used to assess the kidneys, 
ureters, bladder, and adjacent structures and is a powerful 
tool for staging primary urinary tract tumors. 


Nuclear medicine 

Nuclear medicine is an extremely useful tool for 
investigating the urinary tract because radioisotope 
compounds can be used to estimate renal cell mass and 
function and assess the parenchyma for renal scarring. 
These tests are often very useful in children when renal 
scarring and reflux disease is suspected. 


As the abdominal aorta passes through the posterior 
abdominal region, the prevertebral plexus of nerves and 
ganglia covers its anterior surface. It is also related to 
numerous other structures: 


anterior to the abdominal aorta, as it descends, are the 
pancreas and splenic vein, the left renal vein, and the 
inferior part of the duodenum; 

several lumbar veins cross it posteriorly as they pass to 
the inferior vena cava; 

on its right side are the cisterna chyli, thoracic duct, 
azygos vein, right crus of the diaphragm, and the infe- 
rior vena cava; 

on its left side is the left crus of the diaphragm. 





Branches of the abdominal aorta (Table 4.3) can be 
classified as: 


= visceral branches supplying organs; 

= posterior branches supplying the diaphragm or body 
wall; or 

= terminal branches. 


Visceral branches 


The visceral branches are either unpaired or paired 
vessels. 

The three unpaired visceral branches that arise from the 
anterior surface of the abdominal aorta (Fig. 4.148) are: 


= the celiac trunk, which supplies the abdominal 
foregut; 


= the superior mesenteric artery, which supplies the 
abdominal midgut; and 

= the inferior mesenteric artery, which supplies the 
abdominal hindgut. 


The paired visceral branches of the abdominal aorta 
(Fig. 4.148) include: 


= the middle suprarenal arteries—small, lateral 
branches of the abdominal aorta arising just above the 
renal arteries that are part of the multiple vascular 
supply to the suprarenal gland; 

= the renal arteries—lateral branches of the abdominal 
aorta that arise just inferior to the origin of the superior 
mesenteric artery between vertebrae LI and LII, and 
supply the kidneys; and 
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Fig. 4.148 Abdominal aorta. 
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the testicular or ovarian arteries—anterior branches 
of the abdominal aorta that arise below the origin of the 
renal arteries, and pass downward and laterally on the 
anterior surface of the psoas major muscle. 


Posterior branches 


The posterior branches of the abdominal aorta are vessels 
supplying the diaphragm or body wall. They consist of the 
inferior phrenic arteries, the lumbar arteries, and the 
median sacral artery (Fig. 4.148). 


Inferior phrenic arteries 


The inferior phrenic arteries arise immediately inferior 
to the aortic hiatus of the diaphragm either directly from 
the abdominal aorta, as a common trunk from the abdomi- 
nal aorta, or from the base of the celiac trunk (Fig. 4.148). 
Whatever their origin, they pass upward, provide some 
arterial supply to the suprarenal gland, and continue onto 
the inferior surface of the diaphragm. 


Table 4.3 Branches of the abdominal aorta 


Lumbar arteries 


There are usually four pairs of lumbar arteries arising 
from the posterior surface of the abdominal aorta (Fig. 
4.148). They run laterally and posteriorly over the bodies 
of the lumbar vertebrae, continue laterally, passing poste- 
rior to the sympathetic trunks and between the transverse 
processes of adjacent lumbar vertebrae, and reach the 
abdominal wall. From this point onward, they demonstrate 
a branching pattern similar to a posterior intercostal artery, 
which includes providing segmental branches that supply 
the spinal cord. 


Median sacral artery 


The final posterior branch is the median sacral artery 
(Fig. 4.148). This vessel arises from the posterior surface of 
the abdominal aorta just superior to the bifurcation and 
passes in an inferior direction, first over the anterior surface 
of the lower lumbar vertebrae and then over the anterior 
surface of the sacrum and coccyx. 


Parts supplied 


Immediately inferior to the aortic hiatus of the 


Abdominal foregut 


Immediately inferior to the celiac trunk 


Abdominal midgut 


Inferior to the renal arteries 


Artery Branch Origin 
Celiac trunk Anterior 
diaphragm 
Superior mesenteric Anterior 
artery 
Inferior mesenteric artery Anterior 
Middle suprarenal Lateral Immediately superior to the renal arteries 
arteries 
Renal arteries Lateral 


Abdominal hindgut 


Suprarenal glands 


Immediately inferior to the superior mesenteric 


artery 


Paired anterior 


Inferior to the renal arteries 


Kidneys 


Testes in male and ovaries in female 


Testicular or ovarian 


Immediately inferior to the aortic hiatus 


Diaphragm 


Posterior abdominal wall and spinal cord 


Just superior to the aortic bifurcation, passes 
inferiorly across lumbar vertebrae, sacrum, and 


arteries 
Inferior phrenic arteries Lateral 
Lumbar arteries Posterior Usually four pairs 
Median sacral artery Posterior 
Coccyx 
Common iliac arteries Terminal 


Bifurcation usually occurs at the level of LIV vertebra 


In the clinic 


Abdominal aortic stent graft 

An abdominal aortic aneurysm is a dilatation of the aorta 
and generally tends to occur in the infrarenal region (the 
region at or below the renal arteries). As the aorta 
expands, the risk of rupture increases, and it is now 
generally accepted that when an aneurysm reaches 5.5 cm 
or greater an operation will significantly benefit the 
patient. 

With the aging population, the number of abdominal 
aortic aneurysms is increasing. Moreover, with the 
increasing use of imaging techniques a number of 
abdominal aortic aneurysms are identified in 
asymptomatic patients. 

For many years the standard treatment for repair was 
an open operative technique, which involved a large 
incision from xiphoid process of the sternum to symphysis 
pubis and dissection of the aneurysm. The aneurysm was 
excised and a tubular woven graft was sewn into place. 
Recovery may take a number of days, even weeks, and 
most patients would be placed in the intensive care unit 
after the operation 

Further developments and techniques have led to a 
new type of procedure being performed to treat 
abdominal aortic aneurysms—the endovascular graft. The 
idea of placing the graft into the aortic aneurysm and 
lining the dilated vessel is not new and was first described 
over 10 years ago. Since the original description the 
devices have been modified on a number of occasions 
(Fig. 4.149). 

The technique involves surgically dissecting the 
femoral artery below the inguinal ligament. A small 
incision is made in the femoral artery and the pre-loaded 
compressed graft with metal support struts is passed on a 
large catheter into the abdominal aorta through the 
femoral artery. Using X-ray for guidance the graft is 
opened, lining the inside of the aorta. Limb attachments 
are made to the graft that extend into the common iliac 
vessels. This bifurcated tube device effectively excludes 
the abdominal aortic aneurysm. 

This type of device is not suitable for all patients. 
Patients who receive this device do not need to go 
to the intensive care unit. Many patients leave hospital 
within 24-48 hours. Importantly, this device can be used 
for patients who were deemed unfit for open surgical 
repair. 
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Fig. 4.149 Volume-rendered reconstruction using 
multidetector computed tomography of patient with an 
infrarenal abdominal aortic aneurysm before (A) and after 
(B) endovascular aneurysm repair. Note the image only 
demonstrates the intraluminal contrast and not the entire 
vessel. White patches in the aorta (A) represent intramural 
calcium. 
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Inferior vena cava portal vein, and the liver, which overlaps and on occasion 
The inferior vena cava returns blood from all structures completely surrounds the vena cava (Fig. 4.150). 

below the diaphragm to the right atrium of the heart. It is Tributaries to the inferior vena cava include the: 
formed when the two common iliac veins come together at 


the level of vertebra LV, just to the right of midline. It = common iliac veins; 
ascends through the posterior abdominal region anterior = lumbar veins; 
to the vertebral column immediately to the right of the = right testicular or ovarian vein; 
abdominal aorta (Fig. 4.150), continues in a superior = renal veins; 
direction, and leaves the abdomen by piercing the central = right suprarenal vein; 
tendon of the diaphragm at the level of vertebra TVIII. = inferior phrenic veins; and 
During its course, the anterior surface of the inferior = hepatic veins. 
vena cava is crossed by the right common iliac artery, the 
root of the mesentery, the right testicular or ovarian artery, There are no tributaries from the abdominal part of the 
the inferior part of the duodenum, the head of the pan- gastrointestinal tract, the spleen, the pancreas, or the gall- 


creas, the superior part of the duodenum, the bile duct, the bladder, because veins from these structures are compo- 


Inferior phrenic veins 


Right kidney Pa Hepatic veins 
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Inferior vena cava 


Left kidney 
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Right testicular 
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Right external iliac Left external iliac 
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Right femoral Left femoral 
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nents of the portal venous system, which first passes 
through the liver. 

Of the venous tributaries mentioned above, the lumbar 
veins are unique in their connections and deserve special 
attention. Not all of the lumbar veins drain directly into the 
inferior vena cava (Fig. 4.151): 


= the fifth lumbar vein generally drains into the iliolum- 
bar vein, a tributary of the common iliac vein; 

= the third and fourth lumbar veins usually drain into the 
inferior vena cava; 

= the first and second lumbar veins may empty into the 
ascending lumbar veins. 


The ascending lumbar veins are long, anastomosing 
venous channels that connect the common iliac, iliolum- 
bar, and lumbar veins with the azygos and hemiazygos 
veins of the thorax. 

If the inferior vena cava becomes blocked the ascending 
lumbar veins become important collateral channels 
between the lower and upper parts of the body. 


Azygos vein Hemiazygos 
vein 
Left renal vein 
Ascending peal 
lumbar vein umDar vein 


Lumbar vein Lumbar vein 
Inferior 


vena cava lliolumbar vein 


Common iliac 
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Fig. 4.151 Lumbar veins. 





In the clinic 


Inferior vena cava filter 

Deep vein thrombosis is a potentially fatal condition 
where a clot (thrombus) is formed in the deep venous 
system of the legs and the veins of the pelvis. Virchow 
described the reasons for thrombus formation as 
decreased blood flow, abnormality of the constituents 
of blood, and abnormalities of the vessel wall. Common 
predisposing factors include hospitalization and 
surgery, the oral contraceptive pill, smoking, and air 
travel. Other abnormalities also include clotting 
abnormalities (e.g., protein S and protein C deficiency). 

The diagnosis of deep vein thrombosis may be 
difficult to establish, with symptoms including leg 
swelling and pain and discomfort in the calf. It may also 
be an incidental finding. 

In practice, patients with suspected deep vein 
thrombosis undergo a D-dimer blood test, which 
measures levels of a fibrin degradation product. If this is 
positive there is a high association with deep vein 
thrombosis. 

The consequences of deep vein thrombosis are two- 
fold. Occasionally the clot may dislodge and pass into 
the venous system through the right side of the heart 
and into the main pulmonary arteries. If the clots are of 
significant size they obstruct blood flow to the lung and 
may produce instantaneous death. Secondary 
complications include destruction of the normal 
valvular system in the legs, which may lead to venous 
incompetency and chronic leg swelling with ulceration. 

The treatment for deep vein thrombosis is 
prevention. In order to prevent deep vein thrombosis, 
patients are optimized by removing all potential risk 
factors. Subcutaneous heparin may be injected and the 
patient wears compression stockings to prevent venous 
stasis while in the hospital. 

In certain situations it is not possible to optimize the 
patient with prophylactic treatment, and it may be 
necessary to insert a filter into the inferior vena cava 
that traps any large clots. It may be removed after the 
risk period has ended. 
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Lymphatic system 

Lymphatic drainage from most deep structures and regions 
of the body below the diaphragm converges mainly on col- 
lections of lymph nodes and vessels associated with the 
major blood vessels of the posterior abdominal region (Fig. 
4.152; Table 4.4). The lymph then predominantly drains 
into the thoracic duct. 


Pre-aortic and lateral aortic or lumbar 
nodes (para-aortic nodes) 


Approaching the aortic bifurcation, the collections of 
lymphatics associated with the two common iliac arteries 
and veins merge, and multiple groups of lymphatic 
vessels and nodes associated with the abdominal aorta 
and inferior vena cava pass superiorly. These collections 
may be subdivided into pre-aortic nodes, which are 


Intestinal trunk 


Cysterna chyli 


Right lumbar trunk with 
lateral aortic (lumbar) nodes 


Inferior vena cava 


Inferior mesenteric nodes 


External iliac nodes 


Fig. 4.152 Abdominal lymphatics. 


anterior to the abdominal aorta, and right and left 
lateral aortic or lumbar nodes (para-aortic nodes), 
which are positioned on either side of the abdominal 
aorta (Fig. 4.152). 


Table 4.4 Lymphatic drainage 


Lymphatic vessel 
Right jugular trunk 
Left jugular trunk 


Right subclavian trunk 


Left subclavian trunk 


Right 
bronchomediastinal 
trunk 


Left bronchomediastinal 
trunk 


Thoracic duct 





Internal iliac nodes 


Area drained 
Right side of head and neck 
Left side of head and neck 


Right upper limb, superficial regions of 
thoracic and upper abdominal wall 


Left upper limb, superficial regions of 
thoracic and upper abdominal wall 


Right lung and bronchi, mediastinal 
structures, thoracic wall 


Left lung and bronchi, mediastinal 
structures, thoracic wall 


Lower limbs, abdominal walls and 
viscera, pelvic walls and viscera, 
thoracic wall 


Celiac nodes 


Superior mesenteric nodes 


Pre—aortic nodes 
Left lumbar trunk with 
lateral aortic (lumbar) nodes 


Common iliac nodes 


External iliac nodes 


As these collections of lymphatics pass through the pos- 
terior abdominal region, they continue to collect lymph 
from a variety of structures. The lateral aortic or lumbar 
lymph nodes (para-aortic nodes) receive lymphatics from 
the body wall, the kidneys, the suprarenal glands, and the 
testes or ovaries. 

The pre-aortic nodes are organized around the three 
anterior branches of the abdominal aorta that supply the 
abdominal part of the gastrointestinal tract, as well as the 
spleen, pancreas, gallbladder, and liver. They are divided 
into celiac, superior mesenteric, and inferior mesenteric 


In the clinic 


Retroperitoneal lymph node surgery 

From a clinical perspective, retroperitoneal lymph nodes 
are arranged in two groups. The pre-aortic lymph node 
group drains lymph from the embryological midline 
structures, such as the liver, bowel, and pancreas. The 
para-aortic lymph node group (the lateral aortic or lumbar 
nodes), on either side of the aorta, drain lymph from 
bilateral structures, such as the kidneys and adrenal 
glands. Organs embryologically derived from the posterior 
abdominal wall also drain lymph to these nodes. These 
organs include the ovaries and the testes (importantly, the 
testes do not drain lymph to the inguinal regions). 

In general, lymphatic drainage follows standard 
predictable routes; however, in the presence of disease, 
alternate routes of lymphatic drainage will occur. 

There are a number of causes for enlarged 
retroperitoneal lymph nodes. In the adult, massively 
enlarged lymph nodes are a feature of lymphoma, and 
smaller lymph node enlargement is observed in the 
presence of infection and metastatic malignant spread of 
disease (e.g., colon cancer). 

The treatment for malignant lymph node disease is 
based upon a number of factors, including the site of the 
primary tumor (e.g., bowel) and its histological cell type. 
Normally, the primary tumor is surgically removed and the 
lymph node spread and metastatic organ spread (e.g., to 
the liver and the lungs) are often treated with 
chemotherapy and radiotherapy. 


Regional anatomy ° Posterior abdominal region 





nodes, and receive lymph from the organs supplied by the 
similarly named arteries. 

Finally, the lateral aortic or lumbar nodes form the right 
and left lumbar trunks, whereas the pre-aortic nodes form 
the intestinal trunk (Fig. 4.152). These trunks come 
together and form a confluence that, at times, appears as 
a saccular dilation (the cisterna chyli). This confluence of 
lymph trunks is posterior to the right side of the abdominal 
aorta and anterior to the bodies of vertebrae LI and LII. It 
marks the beginning of the thoracic duct. 


In certain instances it may be considered appropriate 
to resect the lymph nodes in the retroperitoneum (e.g., for 
testicular cancer). 

The surgical approach to retroperitoneal lymph node 
resection involves a lateral paramedian incision in the 
midclavicular line. The three layers of the anterolateral 
abdominal wall (external oblique, internal oblique, and 
transversus abdominis) are opened and the transversalis 
fascia is divided. The next structure the surgeon sees is the 
parietal peritoneum. Instead of entering the parietal 
peritoneum, which is standard procedure for most intra- 
abdominal surgical operations, the surgeon gently pushes 
the parietal peritoneum toward the midline, which moves 
the intra-abdominal contents and allows a clear view of the 
retroperitoneal structures. On the left, the para-aortic lymph 
node group (lateral aortic or lumbar nodes) are easily 
demonstrated with a clear view of the abdominal aorta and 
kidney. On the right the inferior vena cava is demonstrated, 
which has to be retracted to access to the right para-aortic 
lymph node chain (lateral aortic or lumbar nodes). 

The procedure of the retroperitoneal lymph node 
dissection is extremely well tolerated and lacks the 
problems of entering the peritoneal cavity (e.g., paralytic 
ileus). Unfortunately, the complication of a vertical incision 
in the midclavicular line is to divide the segmental nerve 
supply to the rectus abdominis muscle. This produces 
muscle atrophy and asymmetric proportions to the 
anterior abdominal wall. 
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Nervous system in the posterior 
abdominal region 


Several important components of the nervous system are 
in the posterior abdominal region. These include the sym- 
pathetic trunks and associated splanchnic nerves, the 
plexus of nerves and ganglia associated with the abdomi- 
nal aorta, and the lumbar plexus of nerves. 


Sympathetic trunks and 
splanchnic nerves 


The sympathetic trunks pass through the posterior abdom- 
inal region anterolateral to the lumbar vertebral bodies, 
before continuing across the sacral promontory and into 






P j 


Sympathetic trunk and ganglion 


Lumbar splanchnic nerves 


A aie 


the pelvic cavity (Fig. 4.153). Along their course, small 
raised areas are visible. These represent collections of neu- 
ronal cell bodies—primarily postganglionic neuronal cell 
bodies—which are located outside the central nervous 
system. They are sympathetic paravertebral ganglia. There 
are usually four ganglia along the sympathetic trunks in 
the posterior abdominal region. 

Also associated with the sympathetic trunks in the pos- 
terior abdominal region are the lumbar splanchnic nerves 
(Fig. 4.153). These components of the nervous system pass 
from the sympathetic trunks to the plexus of nerves and 
ganglia associated with the abdominal aorta. Usually two 
to four lumbar splanchnic nerves carry preganglionic sym- 
pathetic fibers and visceral afferent fibers. 
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Fig. 4.153 Sympathetic trunks passing through the posterior abdominal region. 
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Fig. 4.154 Prevertebral plexus and ganglia in the posterior abdominal region. 


Abdominal prevertebral plexus 

and ganglia 

The abdominal prevertebral plexus is a network of nerve 
fibers surrounding the abdominal aorta. It extends from 
the aortic hiatus of the diaphragm to the bifurcation of the 
aorta into the right and left common iliac arteries. Along 


its route, it is subdivided into smaller, named plexuses (Fig. 
4.154): 


= beginning at the diaphragm and moving inferiorly, the 
initial accumulation of nerve fibers is referred to as the 
celiac plexus—this subdivision includes nerve fibers 
associated with the roots of the celiac trunk and supe- 
rior mesenteric artery; 

= continuing inferiorly, the plexus of nerve fibers extend- 
ing from just below the superior mesenteric artery to 
the aortic bifurcation is the abdominal aortic plexus 
(Fig. 4.155); 


= at the bifurcation of the abdominal aorta, the abdomi- 
nal prevertebral plexus continues inferiorly as the 
superior hypogastric plexus. 


Throughout its length, the abdominal prevertebral 
plexus is a conduit for: 


= preganglionic sympathetic and visceral afferent fibers 
from the thoracic and lumbar splanchnic nerves; 

= preganglionic parasympathetic and visceral afferent 
fibers from the vagus nerves [X]; and 

= preganglionic parasympathetic fibers from the pelvic 
splanchnic nerves (Fig. 4.155). 


Associated with the abdominal prevertebral plexus are 
clumps of nervous tissue (the prevertebral ganglia), 
which are collections of postganglionic sympathetic neu- 
ronal cell bodies in recognizable aggregations along the 
abdominal prevertebral plexus; they are usually named 
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Fig. 4.155 Nerve fibers passing through the abdominal prevertebral plexus and ganglia. 


after the nearest branch of the abdominal aorta. They are vertebral plexus, play a critical role in the innervation of 


therefore referred to as celiac, superior mesenteric, the abdominal viscera. 
aorticorenal, and inferior mesenteric ganglia (Fig. Common sites for pain referred from the abdominal 
4.156). These structures, along with the abdominal pre- viscera are given in Table 4.5. 


3/6 





Superior mesenteric 
ganglion 


Fig. 4.156 Prevertebral ganglia associated with the prevertebral plexus. 


Table 4.5 Referred pain pathways (visceral afferents) 


Organ Afferent pathway 
Heart Thoracic splanchnic nerves 
Foregut (organs supplied by celiac trunk) Greater splanchnic nerve 


Midgut (organs supplied by superior Lesser splanchnic nerve 
mesenteric artery) 


Kidneys and upper ureter Least splanchnic nerve 


Hindgut (organs supplied by inferior Lumbar splanchnic nerves 
mesenteric artery) 


Spinal cord level 
T1 to T4 

T5 to T9 (or 110) 

T9, T10 (or T10, T11) 


T12 
L1, L2 


Celiac ganglion 


Aorticorenal ganglion 


Inferior mesenteric 
ganglion 


Referral area 
Upper thorax and medial arm 
Lower thorax and epigastric region 


Umbilical region 


Flanks (lateral regions) and pubic region 


Left and right flanks and groins, lateral and 
anterior thighs 
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Lumbar plexus 


The lumbar plexus is formed by the anterior rami of nerves 
L1 to L3, and most of the anterior ramus of L4 (Fig. 4.157 
and Table 4.6). It also receives a contribution from the T12 
(subcostal) nerve. 

Branches of the lumbar plexus include the iliohypogas- 
tric, ilio-inguinal, genitofemoral, lateral cutaneous nerve 
of thigh (lateral femoral cutaneous), femoral, and obtura- 
tor nerves. The lumbar plexus forms in the substance of 
the psoas major muscle anterior to its attachment to the 
transverse processes of the lumbar vertebrae (Fig. 4.158). 
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Fig. 4.157 Lumbar plexus. 


Table 4.6 Branches of the lumbar plexus 


Therefore, relative to the psoas major muscle, the various 
branches emerge either: 


anterior—genitofemoral nerve; 

medial—obturator nerve; or 

lateral—iliohypogastric, ilio-inguinal, and femoral 
nerves, and the lateral cutaneous nerve of the thigh. 


Iliohypogastric and ilio-inguinal 
nerves (L1) 


The iliohypogastric and ilio-inguinal nerves arise as a 
single trunk from the anterior ramus of nerve L1 (Fig. 
4.157). Hither before or soon after emerging from the 
lateral border of the psoas major muscle, this single trunk 
divides into the iliohypogastric and the ilio-inguinal 
nerves. 


lliohypogastric nerve 


The iliohypogastric nerve passes across the anterior 
surface of the quadratus lumborum muscle, posterior to 
the kidney. It pierces the transversus abdominis muscle 
and continues anteriorly around the body between the 
transversus abdominis and internal oblique muscles. 
Above the iliac crest, a lateral cutaneous branch pierces 
the internal and external oblique muscles to supply the 
posterolateral gluteal skin (Fig. 4.159). 

The remaining part of the iliohypogastric nerve (the 
anterior cutaneous branch) continues in an anterior 
direction, piercing the internal oblique just medial to the 
anterior superior iliac spine as it continues in an obliquely 
downward and medial direction. Becoming cutaneous, 
just above the superficial inguinal ring, after piercing 


Function: sensory 
Posterolateral gluteal skin and skin in pubic region 


Skin in the upper medial thigh, and either the skin 
over the root of the penis and anterior scrotum or the 
mons pubis and labium majus 


Genital branch—skin of anterior scrotum or skin of 
mons pubis and labium majus; femoral branch—skin 
of upper anterior thigh 


Skin on anterior and lateral thigh to the knee 


Skin on medial aspect of the thigh 


Branch Origin Spinal Function: motor 
segments 

lliohypogastric Anterior L1 Internal oblique and transversus 
ramus L1 abdominis 

llio-inguinal Anterior L1 Internal oblique and transversus 
ramus L1 abdominis 

Genitofemoral Anterior rami Lil, L2 Genital branch—male 
L1 and L2 cremasteric muscle 

Lateral cutaneous Anterior rami L2, L3 

nerve of thigh L2 and L3 

Obturator Anterior rami L2 to L4 Obturator externus, pectineus, 
L2 to L4 and muscles in medial 

compartment of thigh 
Femoral Anterior rami L2 to L4 


L2 to L4 


lliacus, pectineus, and muscles in 
anterior compartment of thigh 


Skin on anterior thigh and medial surface of leg 


Subcostal nerve 


lliohypogastric nerve 
llio-inguinal nerve 
Lateral cutaneous 


nerve of thigh 


Femoral nerve 
Genitofemoral nerve 


Obturator nerve 
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Fig. 4.158 Lumbar plexus in the posterior abdominal region. 


the aponeurosis of the external oblique, it distributes to 
the skin in the pubic region (Fig. 4.159). Throughout 
its course, it also supplies branches to the abdominal 
musculature. 


llio-inguinal nerve 


The ilio-inguinal nerve is smaller than, and inferior to, the 
iliohypogastric nerve as it crosses the quadratus lumbo- 
rum muscle. Its course is more oblique than that of the 
iliohypogastric nerve, and it usually crosses part of the 
iliacus muscle on its way to the iliac crest. Near the ante- 
rior end of the iliac crest, it pierces the transversus abdomi- 
nis muscle, and then pierces the internal oblique muscle 
and enters the inguinal canal. 


(L4,L5) 


The ilio-inguinal nerve emerges through the superficial 
inguinal ring, along with the spermatic cord, and provides 
cutaneous innervation to the upper medial thigh, the root 
of the penis, and the anterior surface of the scrotum in 
men, or the mons pubis and labium majus in women (Fig. 
4.159). Throughout its course, it also supplies branches to 
the abdominal musculature. 


Genitofemoral nerve (L1 and L2) 


The genitofemoral nerve arises from the anterior rami of 
the nerves L1 and L2 (Fig. 4.157). It passes downward 
in the substance of the psoas major muscle until it emerges 
on the anterior surface of psoas major. It then descends on 
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Fig. 4.159 Cutaneous distribution of the nerves from the lumbar plexus. 





the surface of the muscle, in a retroperitoneal position, = in men, innervates the cremasteric muscle and termi- 
passing posterior to the ureter. It eventually divides into nates on the skin in the upper anterior part of the 
genital and femoral branches. scrotum; and 

The genital branch continues downward and enters = in women, accompanies the round ligament of the 
the inguinal canal through the deep inguinal ring. It con- uterus and terminates on the skin of the mons pubis 
tinues through the canal and: and labium majus. 
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The femoral branch descends on the lateral side of the 
external iliac artery and passes posterior to the inguinal 
ligament, entering the femoral sheath lateral to the femoral 
artery. It pierces the anterior layer of the femoral sheath 
and the fascia lata to supply the skin of the upper anterior 
thigh (Fig. 4.159). 


Lateral cutaneous nerve of thigh 
(L2 and L3) 


The lateral cutaneous nerve of thigh arises from the ante- 
rior rami of nerves L2 and L3 (Fig. 4.157). It emerges from 
the lateral border of the psoas major muscle, passing 
obliquely downward across the iliacus muscle toward the 
anterior superior iliac spine (Fig. 4.159). It passes posterior 
to the inguinal ligament and enters the thigh. 

The lateral cutaneous nerve of thigh supplies the skin 
on the anterior and lateral thigh to the level of the knee 
(Fig. 4.159). 


Obturator nerve (L2 to L4) 


The obturator nerve arises from the anterior rami of the 
nerves L2 to L4 (Fig. 4.157). It descends in the psoas major 
muscle, emerging from its medial side near the pelvic brim 
(Fig. 4.158). 

The obturator nerve continues posterior to the common 
iliac vessels, passes across the lateral wall of the pelvic 
cavity, and enters the obturator canal, through which the 
obturator nerve gains access to the medial compartment of 
the thigh. 

In the area of the obturator canal, the obturator nerve 
divides into anterior and posterior branches. On enter- 
ing the medial compartment of the thigh, the two branches 
are separated by the obturator externus and adductor 
brevis muscles. Throughout their course through the 
medial compartment, these two branches supply: 


articular branches to the hip joint; 
muscular branches to obturator externus, pectineus, 
adductor longus, gracilis, adductor brevis, and adduc- 
tor magnus muscles; 

= cutaneous branches to the medial aspect of the thigh; 
and 

= in association with the saphenous nerve, cutaneous 
branches to the medial aspect of the upper part of the 
leg, and articular branches to the knee joint (Fig. 
4.159). 


Femoral nerve (L2 to L4) 


The femoral nerve arises from the anterior rami of nerves 
L2 to L4 (Fig. 4.157). It descends through the substance of 
the psoas major muscle, emerging from the lower lateral 
border of the psoas major (Fig. 4.158). Continuing its 
descent, the femoral nerve lies between the lateral border 
of the psoas major and the anterior surface of the iliacus 
muscle. It is deep to the iliacus fascia and lateral to the 
femoral artery as it passes posterior to the inguinal liga- 
ment and enters the anterior compartment of the thigh. 
Upon entering the thigh, it immediately divides into mul- 
tiple branches. 
Cutaneous branches of the femoral nerve include: 


= medial and intermediate cutaneous nerves supplying 
the skin on the anterior surface of the thigh; and 

= the saphenous nerve supplying the skin on the medial 
surface of the leg (Fig. 4.159). 


Muscular branches innervate the iliacus, pectineus, sar- 
torius, rectus femoris, vastus medialis, vastus intermedius, 
and vastus lateralis muscles. Articular branches supply the 
hip and knee joints. 
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Surface anatomy 


Abdomen surface anatomy 


Visualization of the position of abdominal viscera is funda- 
mental to a physical examination. Some of these viscera or 
their parts can be felt by palpating through the abdominal 


A 





wall. Surface features can be used to establish the positions 
of deep structures (Fig. 4.160). 


Fig. 4.160 Anterior and posterior abdominal walls. A. Anterior in a woman. B. Posterior in a woman. C. Anterior in a man. D. Posterior in a 


man. 


Defining the surface projection of 
the abdomen 


Palpable landmarks can be used to delineate the extent of 
the abdomen on the surface of the body. These landmarks 
are: 

= the costal margin above; and 

= the pubic tubercle, anterior superior iliac spine, and 


iliac crest below (Fig. 4.161). 


The costal margin is readily palpable and separates the 
abdominal wall from the thoracic wall. 


Diaphragm 


Costal margin 


lliac crest 
Anterior superior iliac spine 


Inguinal ligament 


Pubic tubercle 





A line between the anterior superior iliac spine and the 
pubic tubercle marks the position of the inguinal ligament, 
which separates the anterior abdominal wall above from 
the thigh of the lower limb below. 

The iliac crest separates the posterolateral abdominal 
wall from the gluteal region of the lower limb. 

The upper part of the abdominal cavity projects above 
the costal margin to the diaphragm and therefore abdomi- 
nal viscera in this region of the abdomen are protected by 
the thoracic wall. 

The level of the diaphragm varies during the breathing 
cycle. The dome of the diaphragm on the right can reach 
as high as the fourth costal cartilage during forced 
expiration. 


Thorax 


Abdomen 


Lower limb 


Fig. 4.161 Interior view of the abdominal region of a man. Palpable bony landmarks, the inguinal ligament, and the position of the 


diaphragm are indicated. 
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How to find the su perficial canal. The inguinal canal and superficial ring are larger in 
° ° ° men than in women: 
Inguinal ring 


The superficial inguinal ring is an elongate triangular = in men, structures that pass between the abdomen and 
defect in the aponeurosis of the external oblique (Fig. the testis pass through the inguinal canal and superfi- 
4.162). It lies in the lower medial aspect of the anterior cial inguinal ring; 

abdominal wall and is the external opening of the inguinal 


A 
Aponeurosis of external oblique 
Anterior superior iliac spine 
Deep inguinal ring 
Inguinal ligament Superficial inguinal ring 
remora artery Position of pubic symphysis 
Spermatic cord 
B 
Anterior superior iliac spine Aponeurosis of external oblique 
Deep inguinal ring 
Inguinal ligament 
Superficial inguinal ring 
Femoral arte 
y Position of pubic symphysis 
Round ligament of uterus 
C 





Fig. 4.162 Groin. A. In a man. B. In a woman. C. Examination of the superficial inguinal ring and related regions of the inguinal canal in a 
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= in women, the round ligament of the uterus passes 
through the inguinal canal and superficial inguinal 
ring to merge with connective tissue of the labium 
majus. 


The superficial inguinal ring is superior to the pubic 
crest and tubercle and to the medial end of the inguinal 
ligament: 


= in men, the superficial inguinal ring can be easily 
located by following the spermatic cord superiorly to 
the lower abdominal wall—the external spermatic 
fascia of the spermatic cord is continuous with the 
margins of the superficial inguinal ring; 

= in women, the pubic tubercle can be palpated and the 
ring is superior and lateral to it. 


The deep inguinal ring, which is the internal opening to 
the inguinal canal, lies superior to the inguinal ligament, 
midway between the anterior iliac spine and pubic sym- 
physis. The pulse of the femoral artery can be felt in the 
same position, but below the inguinal ligament. 


Transpyloric plane 


Subcostal plane a 


Umbilicus 


Supracristal plane =o a 


| 
Intertubercular plane Z y“ | 








Because the superficial inguinal ring is the site where 
inguinal hernias appear, particularly in men, the ring and 
related parts of the inguinal canal are often evaluated 
during physical examination. 


How to determine lumbar 
vertebral levels 


Lumbar vertebral levels are useful for visualizing the posi- 
tions of viscera and major blood vessels. The approximate 
positions of the lumbar vertebrae can be established using 
palpable or visible landmarks (Fig. 4.163): 


= a horizontal plane passes through the medial ends 
of the ninth costal cartilages and the body of the LI 
vertebra—this transpyloric plane cuts through the 
body midway between the suprasternal (jugular) notch 
and the pubic symphysis; 

= ahorizontal plane passes through the lower edge of the 
costal margin (tenth costal cartilage) and the body of 
the LIII vertebra—the umbilicus is normally on a hori- 


Jugular notch 


End of ninth costal cartilage 


Lower edge of tenth 
costal cartilage 


Highest point on iliac crest 


Tubercle of crest of ilium 


Pubic symphysis 


Fig. 4.163 Landmarks used for establishing the positions of lumbar vertebrae are indicated. Anterior view of the abdominal region of a man. 





zontal plane that passes through the disc between the 
LII and LIV vertebrae; 

= a horizontal plane (supracristal plane) through the 
highest point on the iliac crests passes through the 
spine and body of the LIV vertebra; 

= a plane through the tubercles of the crest of the ilium 
passes through the body of the LV vertebra. 


Visualizing structures at the LI 
vertebral level 


The LI vertebral level is marked by the transpyloric 
plane, which cuts transversely through the body midway 


Neck of pancreas 


Duodenum 


Transpyloric plane 


Superior mesenteric artery 





between the jugular notch and pubic symphysis, and 
through the ends of the ninth costal cartilages (Fig. 4.164). 
At this level are: 


= the beginning and upper limit of the end of the 
duodenum; 
the hila of the kidneys; 
the neck of the pancreas; and 
the origin of the superior mesenteric artery from the 


aorta. 


The left and right colic flexures are close to this level. 


Jugular notch 


End of ninth costal cartilage 


Kidney 


Pubic symphysis 


Fig. 4.164 LI vertebral level and the important viscera associated with this level. Anterior view of the abdominal region of a man. 
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Visualizing the position of major 
blood vessels 


Each of the vertebral levels in the abdomen is related to the 
origin of major blood vessels (Fig. 4.165): 


= the celiac trunk originates from the aorta at the upper 
border of the LI vertebra; 

= the superior mesenteric artery originates at the lower 
border of the LI vertebra; 


Inferior vena cava 
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Umbilicus 


Supracristal plane ee 
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the renal arteries originate at approximately the LII 
vertebra; 

the inferior mesenteric artery originates at the LII 
vertebra; 

the aorta bifurcates into the right and left common iliac 
arteries at the level of the LIV vertebra; 

the left and right common iliac veins join to form the 
inferior vena cava at the LV vertebral level. 


Jugular notch 


Aorta 


Upper border of LI 
Celiac trunk 


Lower border of LI 
Superior mesenteric artery 


LII Approximate origin 
of renal artery 


LIII Inferior mesenteric artery 
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Pubic symphysis 


Fig. 4.165 Major vessels projected onto the body’s surface. Anterior view of the abdominal region of a man. 
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Using abdominal quadrants to 
locate major viscera 


The abdomen can be divided into quadrants by a vertical 
median plane and a horizontal transumbilical plane, which 
passes through the umbilicus (Fig. 4.166): 


= the liver and gallbladder are in the right upper 
quadrant; 
the stomach and spleen are in the left upper quadrant; 
the cecum and appendix are in the right lower quad- 
rant; and 

= the end of the descending colon and sigmoid colon are 
in the left lower quadrant. 
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Most of the liver is under the right dome of the dia- 
phragm and is deep to the lower thoracic wall. The inferior 
margin of the liver can be palpated descending below the 
right costal margin when a patient is asked to inhale 
deeply. On deep inspiration, the edge of the liver can be felt 
“slipping” under the palpating fingers placed under the 
costal margin. 

A common surface projection of the appendix is 
McBurney’s point, which is one-third of the way up along 
a line from the right anterior superior iliac spine to the 


umbilicus. 


Spleen 


Stomach 


Descending colon 


Sigmoid colon 


Fig. 4.166 Abdominal quadrants and the positions of major viscera. Anterior view of a man. 
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Defining surface regions to which 
pain from the gut is referred 


The abdomen can be divided into nine regions by a midcla- 
vicular sagittal plane on each side and by the subcostal and 
intertubercular planes, which pass through the body trans- 
versely (Fig. 4.167). These planes separate the abdomen 
into: 


Epigastric region 
-referred pain from foregut 


Fi 


hypocho au 


Umbilical region 
-referred pain from midgut 


Pubic region 
-referred pain from hindgut 


Fig. 4.167 The nine regions of the abdomen. Anterior view of a woman. 








= three central regions (epigastric, umbilical, pubic); 
and 

= three regions on each side (hypochondrium, flank, 
groin). 


Pain from the abdominal part of the foregut is referred 
to the epigastric region, pain from the midgut is referred to 
the umbilical region, and pain from the hindgut is referred 
to the pubic region. 


Mid clavicular planes 


ochondrium 
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Pubic tubercle 


Where to find the kidneys 


The kidneys project onto the back on either side of the 
midline and are related to the lower ribs (Fig. 4.168): 


= the left kidney is a little higher than the right and 
reaches as high as rib XI; 

= the superior pole of the right kidney reaches only as 
high as rib XII. 


The lower poles of the kidneys occur around the level of 
the disc between the LHI and LIV vertebrae. The hila of the 
kidneys and the beginnings of the ureters are at approxi- 
mately the LI vertebra. 


Rib XI 


Left kidney 
Left ureter 








The ureters descend vertically anterior to the tips of the 
transverse processes of the lower lumbar vertebrae and 
enter the pelvis. 


Where to find the spleen 


The spleen projects onto the left side and back in the 
area of ribs IX to XI (Fig. 4.169). The spleen follows 
the contour of rib X and extends from the superior 
pole of the left kidney to just posterior to the midaxillary 
line. 


Rib XII 
Right kidney 


Transverse processes 
of lumbar vertebrae 


Fig. 4.168 Surface projection of the kidneys and ureters. Posterior view of the abdominal region of a woman. 


Spleen 


Rib X 


Left kidney 


Fig. 4.169 Surface projection of the spleen. Posterior view of a man. 





Clinical cases 


Case 1 


TRAUMATIC RUPTURE OF THE DIAPHRAGM 


A 45-year-old man had mild epigastric pain and a 
diagnosis of esophageal reflux was made. He was 
given appropriate medication, which worked well. 
However, at the time of the initial consultation, the 
family practitioner requested a chest radiograph, 
which demonstrated a prominent hump on the left 
side of the diaphragm and old rib fractures. 


The patient was recalled for further questioning. 


He was extremely pleased with the treatment he had 
been given for his gastroesophageal reflux, but was 
concerned about being recalled for further history and 
examination. During the interview, he revealed that he 
had previously been involved in a motorcycle accident 
and had undergone a laparotomy for a “rupture.” The 
patient did not recall what operation was performed, but 
was assured at the time that the operation was a great 
SUCCESS. 


Case 2 
CHRONIC THROMBOSIS OF THE INFERIOR VENA CAVA 


A medical student was asked to inspect the 
abdomen of two patients. On the first patient he 
noted irregular veins radiating from the umbilicus. 
On the second patient he noted irregular veins, 
coursing in a caudal to cranial direction, over the 
anterior abdominal wall from the groin to the 
chest. He was asked to explain his findings and 
determine the significance of these features. 


In the first patient the veins were draining radially away 
from the periumbilical region. In normal individuals, 
enlarged veins do not radiate from the umbilicus. In 
patients with portal hypertension the portal venous 
pressure is increased as a result of hepatic disease. Small 
collateral veins develop at and around the obliterated 
umbilical vein. These veins pass through the umbilicus 
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The patient is likely to have undergone a splenectomy. 


In any patient who has had severe blunt abdominal 
trauma (such as that caused by a motorcycle accident), 
lower left-sided rib fractures are an extremely important 
sign of appreciable trauma. 


A review of the patient's old notes revealed that at the 
time of the injury the spleen was removed surgically, but 
it was not appreciated that there was a small rupture of 
the dome of the left hemidiaphragm. The patient 
gradually developed a hernia through which bowel could 
enter, producing the “hump” on the diaphragm seen on 
the chest radiograph. 


Because this injury occurred many years ago and the 
patient has been asymptomatic, it is unlikely that the 
patient will come to any harm and was discharged. 


and drain onto the anterior abdominal wall, forming a 
portosystemic anastomosis. The eventual diagnosis for 
this patient was cirrhosis of the liver. 


The veins draining in a caudocranial direction on the 
anterior abdominal wall in the second patient is not a 
typical appearance of veins on the anterior abdominal 
wall. When veins are so prominent, it usually implies that 
there is an obstruction to the normal route of venous 
drainage and an alternative route has been taken. 
Typically, blood from the lower limbs and the 
retroperitoneal organs drains into the inferior cava and 
from here to the right atrium of the heart. This patient 
had a chronic thrombosis of the inferior vena cava, 
preventing blood returning to the heart by the “usual” 
route. 


(continued) 
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Case 2 (continued) 


Blood from the lower limbs and the pelvis may drain via 
a series of collateral vessels, some of which include the 
superficial inferior epigastric veins, which run in the 
superficial fascia. These anastomose with the superior, 
superficial, and deep epigastric venous systems to drain 
into the internal thoracic veins, which in turn drain into 
the brachiocephalic veins and the superior vena cava. 


Case 3 


LIVER BIOPSY IN PATIENTS WITH SUSPECTED LIVER 
CIRRHOSIS 


A 55-year-old man developed severe jaundice and 
a massively distended abdomen. A diagnosis of 
cirrhosis of the liver was made, and further 
confirmatory tests demonstrated that the patient 
had significant ascites (free fluid within the 
peritoneal cavity). A liver biopsy was necessary to 
confirm the cirrhosis, but there was some debate 
about how this biopsy should be obtained (Fig. 
4.170). 


In patients with cirrhosis it is important to determine 
the extent of the cirrhosis and the etiology. 


Biopsy needle in 
right hepatic vein 





Fig. 4.170 Transjugular liver biopsy needle in the right hepatic 
vein. Radiograph. 


After the initial inferior vena cava thrombosis, the veins 
of the anterior abdominal wall and other collateral 
pathways hypertrophy to accommodate the increase in 
blood flow. 


History, examination, and blood tests are useful and are 
supported by complex radiological investigations. To 
begin treatment and determine the prognosis, a sample 
of liver tissue must be obtained. However, there are 
important issues to consider when taking a liver biopsy 
from a patient with suspected cirrhosis. 


One issue is liver function. 


The liver function of patients with suspected liver disease 
is poor, as demonstrated by the patient's jaundice, an 
inability to conjugate bilirubin. Importantly, because 
some liver products are blood clotting factors involved in 
the clotting cascade, the blood clotting ability of patients 
with severe liver disease is significantly impaired. These 
patients therefore have a high risk of bleeding. 


Another issue is the presence of ascites. 


Normally the liver rests against the lateral and anterior 
abdominal walls. This direct contact can be useful for 
care after a liver biopsy has been obtained. After the 
procedure, the patient lies over the region where the 
biopsy has been obtained and the weight of the liver 
stems any localized bleeding. When patients have 
significant ascites, the liver cannot be compressed 
against the walls of the abdomen and blood may pour 
freely into the ascitic fluid. 


The patient has ascites, so another approach for a liver 
biopsy must be considered. 


The patient was referred to the radiology department 
for a transjugular liver biopsy. 


(continued) 


Case 3 (continued) 


The skin around the jugular vein in the neck was 
anesthetized. Access was obtained through insertion of a 
needle and a guide-wire. The guide-wire was advanced 
through the right internal jugular vein and into the right 
brachiocephalic vein. It entered the superior vena cava, 
was passed along the posterior wall of the atrium, and 
entered the superior aspect of the inferior vena cava. A 
catheter was inserted over the wire and directed into the 
right hepatic vein. Using a series of dilators, the hole was 
enlarged and a biopsy needle was placed over the wire 
and into the right hepatic vein. The liver was biopsied 


Case 4 
HODGKIN’S LYMPHOMA 


A 30-year-old man had a diffuse and poorly 
defined epigastric mass. Further examination 
revealed asymmetric scrotal enlargement. 


As part of her differential diagnosis, the resident 
considered the possibility that the man had testicular 
cancer with regional abdominal para-aortic nodal 
involvement (the lateral aortic, or lumbar, nodes). 


A primary testicular neoplasm is the most common 
tumor in men between the ages of 25 and 34 and 
accounts for between 1% and 2% of all malignancies in 
men. A family history of testicular cancer and maldescent 
of the testis are strong predisposing factors. 


Spread of the tumor is typically to the lymph node chains 
that drain the testes. 


The testes develop from structures adjacent to the renal 
vessels in the upper abdomen, between the transversalis 
fascia and the peritoneum. They normally migrate 
through the inguinal canals into the scrotum just before 
birth. The testes take with them their arterial supply, their 
venous drainage, their nerve supply, and their 
lymphatics. 


A computed tomography scan revealed a para-aortic 
lymph node mass in the upper abdomen and enlarged 
lymph nodes throughout the internal and common 
iliac lymph node chains. 
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through the right hepatic vein and the biopsy sample 
was removed. A simple suture was used to close the 
internal jugular vein in the neck and minor compression 
stemmed any blood flow. 


Assuming that the biopsy needle does not penetrate the 
liver capsule, it is not important how much the patient 
bleeds from the liver because this bleeding will enter the 
hepatic vein and is immediately returned to the 
circulation. 


Assuming the scrotal mass was a carcinoma of the testes, 
which would normally drain into the lateral aortic 
(lumbar) nodes in the upper abdomen, it would be very 
unusual for iliac lymphadenopathy to be present. 


Further examination of the scrotal mass was required. 


A transillumination test of the scrotum on the affected 
side was positive. An ultrasound scan revealed normal 
right and left testes and a large fluid collection around 
the right testis. A diagnosis of a right-sided hydrocele 

was made. 


Scrotal masses are common in young males and 
determining the exact anatomical site of the scrotal mass 
is of utmost clinical importance. Any mass that arises 
from the testis should be investigated to exclude 
testicular cancer. Masses that arise from the epididymis 
and scrotal lesions, such as fluid (hydrocele) or hernias, 
are also clinically important but are not malignant. 


The ultrasound scan revealed fluid surrounding the 
testis, which is diagnostic of a hydrocele. Simple cysts 
arising from and around the epididymis (epididymal 
cysts) can be easily defined. 


A diagnosis of lymphoma was suspected. 
Lymphoma is a malignant disease of lymph nodes. Most 


lymphomas are divided into two specific types, namely 


(continued) 
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J Abdomen 


Case 4 (continued) 


Hodgkin’s lymphoma and non-Hodgkin's lymphoma. If 
caught early the prognosis from radical chemotherapy is 
excellent. 


The patient underwent a biopsy, which was performed 
from the posterior approach. He was placed in the 
prone position in the computed tomography (CT) 
scanner. A fine needle with a special cutting device 
was used to obtain a lymph node sample. A left-sided 
approach was used because the inferior vena cava is 
on the right side and the nodes were in the para-aortic 
regions (i.e., the biopsy needle would have to pass 
between the inferior vena cava and the aorta from a 
posterior approach, which is difficult). The skin was 


Case 5 
INGUINAL HERNIA 


A 35-year-old man had a soft mass approximately 
3 cm in diameter in the right scrotum. The 
diagnosis was a right indirect inguinal hernia. 


What were the examination findings? 


The mass was not tender and the physician was not 
able to “get above it.” The testes were felt separate 
from the mass, and a transillumination test (in which a 
bright light is placed behind the scrotum and the 
scrotal sac is viewed from the front) was negative. (A 
positive test occurs when the light penetrates through 
the scrotum.) 


When the patient stood up, a positive cough “impulse” 
was felt within the mass. 


anesthetized using local anesthetic at the lateral 
border of the quadratus lumborum muscle. The needle 
was angled at approximately 45° within the quadratus 
lumborum muscle and entered the retroperitoneum to 
lie beside the left-sided para-aortic lymph nodes. 
Because this procedure is performed using CT 
guidance the operator can advance the needle slowly 
taking care not to “hit’” other retroperitoneal 
structures. 


A good biopsy was obtained and the diagnosis was 
Hodgkin's lymphoma. The patient underwent 
chemotherapy and 2 years later is in full remission and 
leads an active life. 


After careful and delicate maneuvering, the mass 
could be massaged into the inguinal canal, so 
emptying from the scrotum. When the massaging 
hand was removed, the mass recurred in the scrotum. 


An indirect inguinal hernia enters the inguinal canal 
through the deep inguinal ring. It passes through the 
inguinal canal to exit through the superficial inguinal ring 
in the aponeurosis of the external oblique muscle. The 
hernia sac lies superior and medial to the pubic tubercle 
and enters into the scrotum within the spermatic cord. 


A direct inguinal hernia passes directly through the 
posterior wall of the inguinal canal. It does not pass 
down the inguinal canal. If large enough, it may pass 
through the superficial inguinal ring and into the 
scrotum. 


Case 6 


URETERIC STONE 


A 25-year-old man developed severe pain in the 
left lower quadrant of his abdomen. The pain was 
diffuse and relatively constant, but did ease for 
short periods of time. On direct questioning the 
patient indicated that the pain was in the inguinal 
region and radiated into his left infrascapular 
region (loin). A urine dipstick was positive for 
blood (hematuria). 


A diagnosis of a ureteric stone (calculus) was made. 


The patient’s initial infrascapular pain, which later 
radiated to the left groin, relates to passage of the 
ureteric stone along the ureter. 


The origin of the pain relates to ureteral distention. 


A series of peristaltic waves along the ureter transport 
urine along the length of the ureter from the kidney to 
the bladder. As the ureteric stone obstructs the kidney, 
the ureter becomes distended, resulting in an 
exacerbation of the pain. The peristaltic waves are 
superimposed upon the distention, resulting in periods of 
exacerbation and periods of relief. 


The pain is referred. 


The visceral afferent (sensory) nerve fibers from the ureter 
pass into the spinal cord, entering the first and second 
lumbar segments of the spinal cord. Pain is thus referred 


Case 7 
INTRA-ABDOMINAL ABSCESS 


A 27-year-old woman was admitted to the surgical 
ward with appendicitis. She underwent an 
appendectomy. It was noted at operation that the 
appendix had perforated and there was pus within 
the abdominal cavity. The appendix was removed 
and the stump tied. The abdomen was washed out 
with warm saline solution. The patient initially 
made an uneventful recovery, but by day 7 she had 
become unwell with pain over her right shoulder 
and spiking temperatures. 
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to cutaneous regions innervated by somatic sensory 
nerves from the same spinal cord levels (i.e., the inguinal 
region and groin). 


The patient was investigated by a CT scan. 


Traditionally patients are investigated with a plain 
radiograph to look for the radiopaque stone (90% of 
renal stones are radiopaque). 


An ultrasound scan may be useful to assess for 
pelvicaliceal dilatation and may reveal stones at the 
pelviureteral junction or the vesicoureteric junction. 
Ultrasound is also valuable for assessing other causes of 
obstruction (e.g., tumors at and around the ureteric 
orifices in the bladder). 


Usually an intravenous urogram would be carried out to 
enable assessment of the upper urinary tracts and precise 
location of the stone. 


Not infrequently, CT scans of the abdomen are also 
obtained. These scans not only give information about 
the kidneys, ureters, and bladder but also show the 
position of the stone and other associated pathology. 


If this patient’s infrascapular pain was on the right and 
predominantly within the right lower abdomen, 
appendicitis would also have to be excluded. A CT scan 
would enable differentiation of appendicitis and urinary 
colic. 


This patient had developed an intra-abdominal 
abscess. 


Any operation on the bowel may involve peritoneal 
contamination with fecal contents and fecal flora. This 
may not be appreciated at the time of the operation. 


Over the postoperative period an inflammatory 
reaction ensued and an abscess cavity developed, 
filling with pus. Typically, the observation chart 
revealed a “swinging” pyrexia (fever). 


(continued) 
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Case 7 (continued) 


The most common sites for abscess to develop are the 
pelvis and the hepatorenal recess. 


When a patient is in the supine position, the lowest points 
in the abdominal and pelvic cavities are the posterior 
superior aspect of the peritoneal cavity (the hepatorenal 
recess) and, in women, the recto-uterine pouch (pouch of 
Douglas). 


The shoulder tip pain suggested that the abscess was 
in the hepatorenal recess. 


The motor and sensory innervation of the diaphragm is 
from nerves C3 to C5. The somatic pain sensation from 
the parietal peritoneum covering the undersurface of the 
diaphragm is carried into the spinal cord by the phrenic 
nerve (C3 to C5) and is interpreted by the brain as coming 
from skin over the shoulder—a region supplied by other 
somatic sensory nerves entering the same levels of the 
spinal cord as those from the diaphragm. 


This patient therefore experienced a type of referred 
pain. 


A chest radiograph demonstrated elevation of the 
right hemidiaphragm. 


This elevation of the right hemidiaphragm was due to the 
pus tracking from the hepatorenal space around the 
lateral and anterior aspect of the liver to sit on top of the 
liver in a subphrenic position. An ultrasound scan 
demonstrated this collection of fluid. The abscess cavity 
could be clearly seen by placing the ultrasound probe 
between ribs XI and XII. The inferior border of the right 
lower lobe lies at rib X in the midaxillary line. When the 
probe is placed between ribs XI and XII the ultrasound 
waves pass between the intercostal muscles and the 


Case 8 


COMPLICATIONS OF AN ABDOMINOPERINEAL 
RESECTION 


A 45-year-old man developed a low-grade rectal 
carcinoma just above the anorectal margin. He 
underwent an abdominoperineal resection of the 
tumor and was left with a left lower abdominal 
colostomy (see below). Unfortunately, the man’s 
wife left him for a number of reasons, including 
lack of sexual desire. He “turned to drink” and over 


parietal pleura laterally on the chest wall, and continue 
through the parietal pleura overlying the diaphragm into 
the cavity of the abscess, which lies below the 
diaphragm. 


Drainage was not by an intercostal route. Instead, 
using CT guidance, and local anesthesia, a subcostal 
drain was established and 1 liter of pus was removed 
(Fig. 4.171). It is important to bear in mind that placing 
a drain through the pleural cavity into the abdominal 
cavity effectively allows intra-abdominal pus to pass 
into the thoracic cavity, and that this may produce an 
empyema (pus in the pleural space). 


The patient made a slow and uneventful recovery. 


Subphrenic collection of pus and gas 





Fig. 4.171 Subphrenic collection of pus and gas. Computed 
tomogram in the axial plane. 


the ensuing years developed cirrhosis. He was 
brought into the emergency room with severe 
bleeding from enlarged veins around his 
colostomy. An emergency transjugular intrahepatic 
portosystemic shunt was created, which stopped 
all bleeding (Figs 4.172 and 4.173). He is now doing 
well in a rehabilitation program. 


(continued) 
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Fig. 4.172 Position of a transjugular intrahepatic 
portosystemic shunt stent. Radiograph. 


Stent bridging portal vein Hepatic vein 


to hepatic vein 








Portal vein 


Fig. 4.173 Functioning transjugular intrahepatic portosystemic 
shunt. Venogram. 
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A colostomy was necessary because of the low site of 
the tumor. 


Carcinoma of the colon and rectum usually develops in 
older patients, but some people do get tumors early in 
life. Most tumors develop from benign polyps, which 
undergo malignant change. As the malignancy develops 
it invades through the wall of the bowel and then 
metastasizes to local lymphatics. The tumor extends 
within the wall for a few centimeters above and below its 
origin. Lymphatic spread is to local and regional lymph 
nodes and then to the pre-aortic lymph node chain. 
These drain eventually into the thoracic duct. 


When this man was assessed for surgery, the tumor 
was so close to the anal margin that resection of the 
sphincters was necessary to be certain that the tumor 
margins were clear. The bowel cannot be joined to the 
anus without sphincters because the patient would be 
fecally incontinent. At surgery the tumor was excised, 
including the locoregional lymph node chains and the 
peritumoral fat around the rectum. 


The free end of the sigmoid colon was brought 
through a hole in the anterior abdominal wall. The 
bowel was then carefully sutured to the anterior 
abdominal wall to allow placement of a bag to collect 
the feces. This is a colostomy. 


Contrary to their usual immediate negative reaction to 
having a bag on the anterior abdominal wall, most 
patients cope extremely well, especially if they have been 
cured of cancer. 


This patient’s pelvic nerves were damaged. The radical 
pelvic surgical dissection damaged the pelvic 
parasympathetic nerve supply necessary for erection of 
the penis. Unfortunately, this was not well explained to 
the patient, which in some part led to the failure of his 
relationship. With any radical surgery in the pelvis, the 
nerves that supply the penis or clitoris may be damaged, 
so interfering with sexual function. 


This patient was bleeding from stomal varices. 


As he developed a serious drinking problem, his liver 
became cirrhotic and this damaged the normal liver 
architecture. This in turn increased the blood pressure 
in the portal vein (portal hypertension). 


(continued) 
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Case 8 (continued) 


In patients with portal hypertension small anastomoses 
develop between the veins of the portal system and the 
veins of the systemic circulation. These portosystemic 
anastomoses are usually of little consequence; however, 
at the gastroesophageal junction, they lie ina 
submucosal and mucosal position and are subject to 
trauma. Torrential hemorrhage may occur from even 
minor trauma, and death may ensue following blood 
loss. These varices require urgent treatment, which 
includes injecting sclerosant substances, banding, and 
even surgical ligation. 


Fortunately, most of the other portosystemic 
anastomoses are of relatively little consequence. In 
patients with colostomies, small veins may develop 
between the veins of the large bowel (portal system 
drainage) and cutaneous veins on the anterior 
abdominal wall (systemic veins). If these veins become 
enlarged because of portal hypertension, they are subject 
to trauma as feces are passed through the colostomy. 
Torrential hemorrhage may ensue if they are damaged. 


A procedure was carried out to lower the portal 
pressure. 


To reduce the pressure in the portal vein in this 
patient, several surgical procedures were considered. 
These included sewing the side of the portal vein onto 
the inferior vena cava (portacaval shunt) and sewing 


Case 9 


CARCINOMA OF THE HEAD OF THE PANCREAS 


A 52-year-old woman visited her family physician 
with complaints of increasing lethargy and 
vomiting. The physician examined her and noted 
that compared to previous visits she had lost 
significant weight. She was also jaundiced, and on 
examination of the abdomen a well-defined 10 cm 
rounded mass was palpable below the liver edge in 
the right upper quadrant (Fig. 4.174). 


The clinical diagnosis was carcinoma of the head of 
the pancreas. 


It is difficult to appreciate how such a precise diagnosis 
can be made clinically when only three clinical signs have 
been described. 


The patient’s obstruction was in the distal bile duct. 


the splenic vein onto the renal vein (a splenorenal 
shunt). These procedures, however, require a large 
abdominal incision and are extremely complex. As an 
alternative, it was decided to create a transjugular 
intrahepatic portosystemic shunt. 


Creating a transjugular intrahepatic portosystemic 
shunt is a relatively new technique that may be carried 
out under local anesthesia. Using a right internal jugular 
approach, a long needle is placed through the internal 
jugular vein, the superior vena cava, and the right atrium, 
into the inferior vena cava. The right hepatic vein is 
cannulated and, with special steering wires, a needle is 
passed through the hepatic substance directly into the 
right branch of the portal vein. A small balloon is passed 
over the wire, through the hepatic substance, and 
inflated. After the balloon has been removed a metallic 
stent (a flexible wire tube) is placed across this tract in the 
liver to keep it open. Blood now freely flows from the 
portal vein into the right hepatic vein creating a 
portosystemic shunt. 


As a result of this procedure the pressure in this 
patient’s portal system is lower and similar to that of 
the systemic venous system, so reducing the potential 
for bleeding at the portosystemic anastomoses (i.e., 
the colostomy). 


When a patient has jaundice, the causes are excessive 
breakdown of red blood cells (pre-hepatic), hepatic 
failure (hepatic jaundice), and posthepatic causes, which 
include obstruction along the length of the biliary tree. 


The patient had a mass in her right upper quadrant 
that was palpable below the liver; this was the 
gallbladder. 


In healthy individuals, the gallbladder is not palpable. An 
expanded gallbladder indicates obstruction either within 
the cystic duct or below the level of the cystic duct 
insertion (i.e., the bile duct). 


The patient’s vomiting was related to the position of 
the tumor. 


(continued) 
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Fig. 4.174 Tumor in the head of the pancreas. Computed 
tomogram in the axial plane. 


It is not uncommon for vomiting and weight loss 
(cachexia) to occur in patients with a malignant 
disease. The head of the pancreas lies within the curve 
of the duodenum, primarily adjacent to the descending 


Case 10 


CAVAL OBSTRUCTION 


A 62-year old man came to the emergency 
department with swelling of both legs and a large 
left varicocele (enlarged and engorged varicose 
veins around the left testis and within the left 
pampiniform plexus of veins). 


The patient was known to have a left renal cell 
carcinoma and was due to have this operated on the 
following week. 


Anatomically it is possible to link all of the findings 
with the renal cell carcinoma knowing the biology of 
the tumor. 


Renal cell carcinoma tends to grow steadily and 
predictably. Typically, when the tumor is less than 3- 
4 cm, it remains confined to the kidney. Large tumors 
have the propensity to grow into the renal vein, the 
inferior vena cava, the right atrium, and through the 
heart into the pulmonary artery. 


The tumor grew into the renal vein. 


As the tumor grew into the renal vein it blocked off all 
tributaries draining into the vein, the largest of which is 
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part of the duodenum. Any tumor mass in the region of 
the head of the pancreas is likely to expand, and may 
encase and invade the duodenum. Unfortunately, in 
this patient's case, this happened, producing almost 
complete obstruction. Further discussion with the 
patient revealed that she was vomiting relatively 
undigested food soon after each meal. 


A CT scan demonstrated further complications. 


In the region of the head and neck of the pancreas are 
complex anatomical structures, which may be involved 
with a malignant process. The CT scan confirmed a 
mass in the region of the head of the pancreas, which 
invaded the descending part of the duodenum. The 
mass extended into the neck of the pancreas and had 
blocked the distal part of the bile duct and the 
pancreatic duct. Posteriorly the mass had directly 
invaded the portal venous confluence of the splenic 
and superior mesenteric veins, producing a series of 
gastric, splenic, and small bowel varices. 


This patient underwent palliative chemotherapy, but 
died 7 months later. 


the left testicular vein. This blockage of the left testicular 
vein caused a dilation of the veins around the left testis (a 
varicocele occurred). 


The swollen legs were accounted for by caval 
obstruction. 


The tumor grew along the renal vein and into the inferior 
vena cava toward the heart. Renal tumors can grow 
rapidly; in this case the tumor grew rapidly into the 
inferior vena cava, occluding it. This increased the 
pressure in the leg veins, resulting in swelling and pitting 
edema of the ankles. 


The patient unfortunately died on the operating table. 


In this patient’s case, a “tongue” of tumor grew into the 
inferior vena cava. At the time of surgery, the initial 
dissection mobilized the kidney on its vascular pedicle; 
however, a large portion of tumor became detached in 
the inferior vena cava. The tumor embolus passed 
through the right atrium and right ventricle and occluded 
the pulmonary artery. This could not be cleared at the 
time of surgery and the patient succumbed. 
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Case 11 
DIVERTICULAR DISEASE 


A 65-year-old businessman came to the emergency 
department with severe lower abdominal pain that 
was predominantly central and left-sided. He had 

pain radiating into the left loin, and he also noticed 
he was passing gas and fecal debris as he urinated. 


A CT scan of his abdomen and pelvis was performed 
(Fig. 4.175). 


The CT scan demonstrated a collection of fluid (likely a 
pelvic abscess) in the left iliac fossa. Associated with 
this collection of fluid was significant bowel wall 
thickening of the sigmoid colon and multiple small 
diverticula arising throughout the sigmoid colon. Gas 
was present in the bladder. An obstruction was noted 
in the left ureter and the left pelvicalyceal system. 


The patient underwent an urgent operation. 


As the surgeons entered into the abdominal cavity 
through a midline incision, the tissues in the left iliac 
fossa were significantly inflamed. The surgeon used his 
hand to mobilize the sigmoid colon and entered a 


Sigmoid colon diverticuli 





Pelvic abscess 
Sigmoid colon 


Fig. 4.175 A computed tomogram, in the axial plane, of the 
pelvis demonstrates a loop of sigmoid colon with numerous 
diverticula and a large abscess in the pelvic cavity. 


cavity from which there was a “whoosh” of pus as 
indicated on the CT scan. The pus was washed out and 
drained. The sigmoid colon was remarkably thickened 
and inflamed and stuck to the dome of the bladder. 
Careful finger dissection revealed a small perforation 
in the dome of the bladder, allowing the passage of 
fecal material and gas into the bladder and producing 
the patient’s symptoms of pneumaturia and fecaluria. 
The sigmoid colon was resected. The rectal stump was 
oversewn and the descending colon was passed 
through the anterior abdominal wall to form a 
colostomy. The bladder was catheterized and the 
small hole in the dome of the bladder was oversewn. 


The patient had a difficult postoperative period in the 
intensive care unit where he remained pyrexial and 
septic. The colostomy began to function well. 


An ultrasound was performed and demonstrated the 
continued dilatation in the left kidney, and the patient 
underwent a nephrostomy. 


Under ultrasound guidance a drainage catheter was 
placed into the renal pelvis through the renal cortex on 
the left. A significant amount of pus was drained from 
the renal tract initially; however, after 24 hours urine 
passed freely. 


The likely cause for the obstruction was the 
inflammation around the distal ureter on the left. It is 
also possible that a small ureteric perforation also 
occurred, allowing bacteria to enter the urinary tract. 


The patient made a further uneventful recovery with 
resumption of normal renal function and left the 
hospital. 


On return to the surgeon in the outpatient clinic some 
weeks later, the patient did not wish to continue with his 
colostomy and bag. Further to discussion, surgery was 
planned to “rejoin” the patient. 


At operation the colostomy was “taken down” and the 
rectal stump was identified. There was, however, a 
significant gap between the bowel ends. To enable 
the bowel to be sutured, the descending colon was 
mobilized from the posterior abdominal wall. An 
anastomosis was performed and the patient left the 
hospital one week later and currently remains well. 


Case 12 


ENDOLEAK AFTER ENDOVASCULAR REPAIR OF 
ABDOMINAL AORTIC ANEURYSM 


A 72-year old man was brought to the emergency 
department with an abdominal aortic aneurysm 
(an expansion of the infrarenal abdominal aorta). 
The aneurysm measured 10 cm, and after 
discussion with the patient it was scheduled for 
repair. 


The surgical and endovascular treatment options were 
explained to the patient. 


Treatment of abdominal aortic aneurysms has been, for 
many years, an operative procedure where the dilatation 
(ballooning) of the aorta is resected and a graft is sewn 
into position. A modern option is to place a graft to line 
the aneurysm from within the artery (endovascular 
aneurysm repair). In this technique the surgeon dissects 
the femoral artery and makes a small hole in it. The graft 
is compressed within a catheter and the catheter is 
passed through the femoral artery and the iliac arterial 
system into the distal abdominal aorta. The graft can 
then be released inside the aorta, effectively relining it to 
prevent further expansion of the aneurysm. 


Occasionally the relined aneurysm may continue to 
enlarge after the endovascular graft has been placed 
and a cause needs to be identified. 


A Doppler ultrasound investigation of the abdomen 
and a CT scan revealed there was flow between 

the endovascular lining and the wall of the 
aneurysm. 


Case 13 
GASTROINTESTINAL BLEED 


A 55-year-old woman came to her family physician 
feeling unwell and generally lethargic. The 
physician performed some routine blood tests and 
a chest X-ray. The chest X-ray was unremarkable; 
however, the routine blood tests revealed that the 
patient was anemic. 


There are a number of causes for anemia that need to 
be excluded. 


Anemia occurs when there is inadequate production of 
red blood cells, excessive breakdown of red blood cells 
within the body, or chronic blood loss. 
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The likely sources for this bleeding were assessed. 


The graft usually begins below the level of the renal 
arteries and divides into two limbs that end in the 
common iliac arteries. The aneurysm may continue to be 
fed from any vessels between the graft and the aneurysm 
wall. These vessels can include the lumbar arteries and 
the inferior mesenteric artery. Interestingly, blood usually 
flows from the abdominal aorta into the inferior 
mesenteric artery and the lumbar arteries; however, with 
the changes in flow dynamics with the graft in place, 
blood may flow in the opposite direction through these 
branches, thereby leading to enlargement of the 
aneurysm. 


Blood flow was from the superior mesenteric artery 
into the aneurysm sac. 


Above the level of the graft the superior mesenteric artery 
arises normally. From the right colic and middle colic 
branches a marginal branch around the colon 
anastomoses, in the region of the splenic flexure, with 
marginal branches from the inferior mesenteric artery 
(this can become a hypertrophied vessel known as the 
marginal artery of Drummond). In this situation, blood 
passed retrogradely into the inferior mesenteric artery, 
filling the aneurysm and allowing it to remain pressurized 
and expand. 


The inferior mesenteric artery was ligated 
laparoscopically and the aneurysm failed to expand 
further. Over the ensuing six months the aneurysm 
contracted. The patient remains fit and healthy with two 
small scars in the groin. 


On examination the patient had pale mucous 
membranes. This was determined by reflecting the 
lower tarsal plate of the eyelids and noting pallor in 
this region. 


When the patient does not produce enough red blood 
cells, other hematological cell lines are often suppressed. 
This can be secondary to diffuse underproduction by the 
marrow or marrow infiltration by tumors. Marrow 
suppression may also occur during chemotherapy. 
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With excessive red blood cell breakdown (hemolysis) the 
patient may have enlargement of the liver and spleen. 
These were not apparent on examination of the patient. 


A diagnosis of chronic blood loss was made clinically. 


Blood loss may occur through vomiting blood, passing 
blood per urethra, or losing blood per rectum, which is 
the commonest cause. Chronic low-grade blood loss 
from these orifices may not always be as obvious as 
“bright red blood” loss from external orifices. 


The patient underwent endoscopy to assess the 
esophagus, stomach, and duodenum. These were all 
found to be normal. The patient underwent an 
assessment of the large bowel. 


A Left colic artery Small bleeding point 


Catheter tip in inferior mesenteric artery 


There are many ways of assessing the large bowel, which 
include a barium enema (passage of barium solution per 
rectum) and obtaining radiographs demonstrating the 
wall of the rectum and any intramural masses. Other 
ways of assessing include colonoscopy (direct 
visualization of the whole bowel) and CT pneumocolon 
(a CT scan in which the colon is insufflated with air, 
enabling visualization of wall.) 


Before the patient’s appointment for a colonoscopy, 
she developed torrential bleeding per rectum and was 
rushed to the emergency department. An intravenous 
cannula was placed and the patient was rehydrated, 
given blood, and rushed to the angiography room. 


An angiogram was performed to demonstrate the site 
of the bleeding (Fig. 4.176). 





Fig. 4.176 Colon cancer bleeding. A. Angiogram showing the placement of a catheter in the inferior mesenteric artery. A small area of 
bleeding has been identified in a superior branch of the left colic artery. B. Through the process of embolization, platinum coils were 


introduced and the bleeding was stopped. 


(continued) 
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The patient’s right inguinal region and femoral artery 
were anesthetized with local anesthetic. A small catheter 
was introduced and used to selectively cannulate the 
celiac trunk, superior mesenteric artery, and inferior 
mesenteric artery. 


Catheterization of the inferior mesenteric artery revealed 
a small area of bleeding arising from the superior branch 
of the left colic artery. Using a co-axial technique, a 
catheter was placed inside the main catheter and a series 
of small platinum coils were used to block the bleeding 
artery. 


Case 14 
METASTATIC LESIONS IN THE LIVER 


A 44-year-old woman had been recently diagnosed 
with melanoma on the toe and underwent a series 
of investigations. 


Melanoma (properly called malignant melanoma) can 
be an aggressive form of skin cancer that spreads to 
lymph nodes and multiple other organs throughout 
the body. The malignant potential is dependent upon 
its cellular configuration and also the depth of its 
penetration through the skin. 


The patient developed malignant melanoma in the foot, 
which spread to the lymph nodes of the groin. The 
inguinal lymph nodes were resected; however, it was 
noted on follow-up imaging that the patient had 
developed two metastatic lesions within the right lobe of 
the liver. 


Surgeons and physicians considered the possibility of 
removing these lesions. 


A CT scan was performed that demonstrated the 
lesions within segments V and VI of the liver (Fig. 
4.177). 


The segmental anatomy of the liver is important 
because it enables the surgical planning for resection. 


The surgery was undertaken and involved identifying the 
portal vein and the confluence of the right and left 
hepatic ducts. The liver was divided in the imaginary 
principal plane of the middle hepatic vein. The main 
hepatic duct and biliary radicals were ligated and the 
right liver was successfully resected. 
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The patient made an uneventful recovery and no 
further bleeding occurred. The cause of the bleeding 
still required investigation. 


The patient underwent a colonoscopy some days later, 
which demonstrated a tumor within the proximal portion 
of the descending colon. A biopsy was obtained and 
confirmed the malignant nature of the lesion; the patient 
underwent resection two days later. 


The segments remaining included the left lobe of the 
liver. 


The patient underwent a surgical resection of segments V, 
VI, VII, and VIII. The remaining segments included IVa, IVb, 
I, Il, and Ill. It is important to remember that the lobes of 
the liver do not correlate with the hepatic volume. The left 
lobe of the liver contains only segments II and III. The right 
lobe of the liver contains segments IV, V, VI, VII, and VIII. 
Hence, cross-sectional imaging is important when 
planning surgical segmental resection. 





Middle hepatic vein 


Hepatic metastasis 


Fig. 4.177 This postcontrast computed tomogram, in the axial 

plane, demonstrates two metastases situated within the right 

lobe of the liver. The left lobe of the liver is clear. The larger 

of the two metastases is situated to the right of the middle 

hepatic vein, which lies in the principal plane of the liver 

dividing the left and right sides of the liver. 403 
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Pelvis and Perineum 


Conceptual overview 


GENERAL DESCRIPTION 


The pelvis and perineum are interrelated regions associ- 
ated with the pelvic bones and the terminal parts of the 
vertebral column. The pelvis is divided into two regions: 


the superior region related to upper parts of the pelvic 
bones and lower lumbar vertebrae is the false pelvis 
(greater pelvis) and is generally considered part of the 
abdomen (Fig. 5.1); 

the true pelvis (lesser pelvis) is related to the inferior 
parts of the pelvic bones, sacrum, and coccyx, and has 
an inlet and an outlet. 


Vertebral 
column 


Abdominal cavity 





Pelvic cavity 


Anterior superior Sacrum 
iliac spine 
True 
False (lesser) 
(greater) pelvis pelvis 
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Fig. 5.1 Pelvis and perineum. 


The bowl-shaped pelvic cavity enclosed by the true 
pelvis consists of the pelvic inlet, walls, and floor. This 
cavity is continuous superiorly with the abdominal cavity 
and contains elements of the urinary, gastrointestinal, and 
reproductive systems. 

The perineum (Fig. 5.1) is inferior to the floor of the 
pelvic cavity; its boundaries form the pelvic outlet. The 
perineum contains the external genitalia and external 
openings of the genitourinary and gastrointestinal 
systems. 


FUNCTIONS 


Contain and support bladder, 
rectum, anal canal, and 
reproductive tracts 


Within the pelvic cavity, the bladder is positioned anteri- 
orly and the rectum posteriorly in the midline. 

As it fills, the bladder expands superiorly into the 
abdomen. It is supported by adjacent elements of the pelvic 
bone and by the pelvic floor. The urethra passes through 
the pelvic floor to the perineum, where, in women, it opens 
externally (Fig. 5.2A) and in men it enters the base of the 
penis (Fig. 5.2B). 

Continuous with the sigmoid colon at the level of verte- 
bra SIII, the rectum terminates as the anal canal, which 
penetrates the pelvic floor to open into the perineum. The 
anal canal is angled posteriorly on the rectum. This flexure 
is maintained by muscles of the pelvic floor and is relaxed 
during defecation. A skeletal muscle sphincter is associated 
with the anal canal and the urethra as each passes through 
the pelvic floor. 

The pelvic cavity contains most of the reproductive tract 
in women and part of the reproductive tract in men. 


In women, the vagina penetrates the pelvic floor and 
connects with the uterus in the pelvic cavity. The uterus 
is positioned between the rectum and the bladder. A 
uterine (fallopian) tube extends laterally on each side 
toward the pelvic wall to open near the ovary. 

In men, the pelvic cavity contains the site of connection 
between the urinary and reproductive tracts. It also 
contains major glands associated with the reproductive 
system—the prostate and two seminal vesicles. 
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Fig. 5.2 The pelvis and perineum contain and support terminal parts of the gastrointestinal, urinary, and reproductive systems. A. In women. 


B. In men. 
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Pelvis and Perineum 





Anchors the roots of the 
external genitalia 


In both genders, the roots of the external genitalia, the cli- 
toris and the penis, are firmly anchored to: 


= thebony margin of the anterior half of the pelvic outlet; 


and 

= athick, fibrous, perineal membrane, which fills the area 
(Fig. 5.3). 
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The roots of the external genitalia consist of erectile 
(vascular) tissues and associated skeletal muscles. 


COMPONENT PARTS 


Pelvic inlet 


The pelvic inlet is somewhat heart shaped and completely 
ringed by bone (Fig. 5.4). Posteriorly, the inlet is bordered 
by the body of vertebra SI, which projects into the inlet as 
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Fig. 5.3 The perineum contains and anchors the roots of the external genitalia. A. In women. B. In men. 
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Fig. 5.4 Pelvic inlet. 
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the sacral promontory. On each side of this vertebra, 
wing-like transverse processes called the alae (wings) 
contribute to the margin of the pelvic inlet. Laterally, a 
prominent rim on the pelvic bone continues the boundary 
of the inlet forward to the pubic symphysis, where the two 
pelvic bones are joined in the midline. 

Structures pass between the pelvic cavity and the 
abdomen through the pelvic inlet. 

During childbirth, the fetus passes through the pelvic 
inlet from the abdomen, into which the uterus has 
expanded during pregnancy, and then passes through the 
pelvic outlet. 


Pelvic walls 


The walls of the true pelvis consist predominantly of bone, 
muscle, and ligaments, with the sacrum, coccyx, and infe- 
rior half of the pelvic bones forming much of them. 

Two ligaments—the sacrospinous and the sacrotu- 
berous ligaments—are important architectural elements 
of the walls because they link each pelvic bone to the 
sacrum and coccyx (Fig. 5.5A). These ligaments also 
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Fig. 5.5 Pelvic walls. A. Bones and ligaments of the pelvic walls. 


convert two notches on the pelvic bones—the greater and 
lesser sciatic notches—into foramina on the lateral 
pelvic walls. 

Completing the walls are the obturator internus and 
piriformis muscles (Fig. 5.5B), which arise in the pelvis 
and exit through the sciatic foramina to act on the hip 
joint. 


Pelvic outlet 


The diamond-shaped pelvic outlet is formed by both bone 
and ligaments (Fig. 5.6). It is limited anteriorly in the 
midline by the pubic symphysis. 

On each side, the inferior margin of the pelvic bone pro- 
jects posteriorly and laterally from the pubic symphysis to 
end in a prominent tuberosity, the ischial tuberosity. 
Together, these elements construct the pubic arch, which 
forms the margin of the anterior half of the pelvic outlet. 
The sacrotuberous ligament continues this margin poste- 
riorly from the ischial tuberosity to the coccyx and sacrum. 
The pubic symphysis, ischial tuberosities, and coccyx can 
all be palpated. 
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Fig. 5.5, contd Pelvic walls. B. Muscles of the pelvic walls. 
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410 Fig. 5.6 Pelvic outlet. 


Pelvic floor 


The pelvic floor, which separates the pelvic cavity from the 
perineum, is formed by muscles and fascia (Fig. 5.7). 

Two levator ani muscles attach peripherally to the 
pelvic walls and join each other at the midline by a con- 
nective tissue raphe. Together they are the largest compo- 
nents of the bowl- or funnel-shaped structure known as the 
pelvic diaphragm, which is completed posteriorly by the 
coccygeus muscles. These muscles overlie the sacrospi- 
nous ligaments and pass between the margins of the 
sacrum and the coccyx and a prominent spine on the pelvic 
bone, the ischial spine. 

The pelvic diaphragm forms most of the pelvic floor and 
in its anterior regions contains a U-shaped defect, which is 
associated with elements of the urogenital system. 

The anal canal passes from the pelvis to the perineum 
through a posterior circular orifice in the pelvic 
diaphragm. 

The pelvic floor is supported anteriorly by: 


= the perineal membrane; and 
= muscles in the deep perineal pouch. 
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Fig. 5.7 Pelvic floor. 





The perineal membrane is a thick, triangular fascial 
sheet that fills the space between the arms of the pubic 
arch, and has a free posterior border (Fig. 5.7). The deep 
perineal pouch is a narrow region superior to the perineal 
membrane. 

The margins of the U-shaped defect in the pelvic dia- 
phragm merge into the walls of the associated viscera and 
with muscles in the deep perineal pouch below. 

The vagina and the urethra penetrate the pelvic floor to 
pass from the pelvic cavity to the perineum. 


Pelvic cavity 


The pelvic cavity is lined by peritoneum continuous 
with the peritoneum of the abdominal cavity that drapes 
over the superior aspects of the pelvic viscera, but in most 
regions, does not reach the pelvic floor (Fig. 5.8A). 

The pelvic viscera are located in the midline of the pelvic 
cavity. The bladder is anterior and the rectum is posterior. 
In women, the uterus lies between the bladder and rectum 
(Fig. 5.8B). Other structures, such as vessels and nerves, 
lie deep to the peritoneum in association with the pelvic 
walls and on either side of the pelvic viscera. 
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Fig. 5.8 Pelvic cavity and peritoneum. A. In men (sagittal section). B. In women (anterior view). 


Perineum = Anteriorly, the urogenital triangle contains the roots 
The perineum lies inferior to the pelvic floor between the of the external genitalia and, in women, the openings 
lower limbs (Fig. 5.9). Its margin is formed by the pelvic of the urethra and the vagina (Fig. 5.9A). In men, the 
412 outlet. An imaginary line between the ischial tuberosities distal part of the urethra is enclosed by erectile tissues 


divides the perineum into two triangular regions. and opens at the end of the penis (Fig. 5.9B). 
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Fig. 5.9 Perineum. A. In women. B. In men. 
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Pelvis and Perineum 


= Posteriorly, the anal triangle contains the anal 
aperture. 


RELATIONSHIP TO 


OTHER REGIONS 


Abdomen 


The cavity of the true pelvis is continuous with the abdomi- 
nal cavity at the pelvic inlet (Fig. 5.10A). All structures 
passing between the pelvic cavity and abdomen, including 
major vessels, nerves, and lymphatics, as well as the 
sigmoid colon and ureters, pass via the inlet. In men, the 
ductus deferens on each side passes through the anterior 
abdominal wall and over the inlet to enter the pelvic cavity. 
In women, ovarian vessels, nerves, and lymphatics pass 
through the inlet to reach the ovaries, which lie on each 
side just inferior to the pelvic inlet. 


Greater sciatic foramen 
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Lower limb 


Three apertures in the pelvic wall communicate with the 
lower limb (Fig. 5.10A): 


= the obturator canal; 
= the greater sciatic foramen; and 
= the lesser sciatic foramen. 


The obturator canal forms a passageway between the 
pelvic cavity and the adductor region of the thigh, and is 
formed in the superior aspect of the obturator foramen, 
between bone, a connective tissue membrane and muscles 
that fill the foramen. 

The lesser sciatic foramen, which lies inferior to the 
pelvic floor, provides communication between the gluteal 
region and the perineum (Fig. 5.10B). 

The pelvic cavity also communicates directly with the 
perineum through a small gap between the pubic symphy- 
sis and the perineal membrane (Fig. 5.10B). 





Fig. 5.10 Areas of communication between the true pelvis and other regions. A. Between the true pelvis, abdomen, and lower limb. 


KEY FEATURES 


The pelvic cavity 
projects posteriorly 


In the anatomical position, the anterior superior iliac 
spines and the superior edge of the pubic symphysis lie in 
the same vertical plane (Fig. 5.11). Consequently, the 
pelvic inlet is angled 50°—60° forward relative to the hori- 
zontal plane, and the pelvic cavity projects posteriorly from 
the abdominal cavity. 

Meanwhile, the urogenital part of the pelvic outlet (the 
ischiopubic arch) is oriented in a nearly horizontal plane, 
whereas the posterior part of the outlet is positioned more 
vertically. The urogenital triangle of the perineum there- 
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fore faces inferiorly, while the anal triangle faces more 
posteriorly. 


Important structures cross the 
ureters in the pelvic cavity 


The ureters drain the kidneys, course down the posterior 
abdominal wall, and cross the pelvic inlet to enter the pelvic 
cavity. They continue inferiorly along the lateral pelvic wall 
and ultimately connect with the base of the bladder. 

An important structure crosses the ureters in the pelvic 
cavity in both men and women—in women, the uterine 
artery crosses the ureter lateral to the cervix of the uterus 
(Fig. 5.12A), in men, the ductus deferens crosses over the 
ureter just posterior to the bladder (Fig. 5.12B). 
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Fig. 5.10, cont’d Areas of communication between the true pelvis and other regions. B. Between the perineum and other regions. 
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Fig. 5.11 Orientation of the pelvis and pelvic cavity in the anatomical position. 
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416 Fig. 5.12 Structures that cross the ureters in the pelvic cavity. A. In women. B. In men. 


The prostate is anterior to rectum 


In men, the prostate gland is situated immediately anterior 
to the rectum, just above the pelvic floor (Fig. 5.13). It can 
be felt by digital palpation during a rectal examination. 

In both sexes, the anal canal and the lower rectum 
also can be evaluated during a rectal examination by a 
clinician. In women, the cervix and lower part of the 
body of the uterus also are palpable. However, these 
structures can more easily be palpated with a bimanual 
examination where the index and middle fingers of a cli- 
nician’s hand are placed in the vagina and the other 
hand is placed on the lower anterior abdominal wall. The 
organs are felt between the two hands. This bimanual 
technique can also be used to examine the ovaries and 
uterine tubes. 


Rectum 


Prostate 


Fig. 5.13 Position of the prostate gland. 


The perineum is innervated by 
sacral spinal cord segments 


Dermatomes of the perineum in both men and women are 
from spinal cord levels S3 to S5, except for the anterior 
regions, which tend to be innervated by spinal cord level 
Ll by nerves associated with the abdominal wall (Fig. 
5.14). Dermatomes of L2 to S2 are predominantly in the 
lower limb. 

Most of the skeletal muscles contained in the perineum 
and the pelvic floor, including the external anal sphincter 
and external urethral sphincter, are innervated by spinal 
cord levels S2 to S4. 

Much of the somatic motor and sensory innervation of 
the perineum is provided by the pudendal nerve from spinal 
cord levels S2 to S4. 





Fig. 5.14 Dermatomes of the perineum. A. In women. B. In men. 
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Fig. 5.15 Pudendal nerve. 


Nerves are related to bone 


The pudendal nerve is the major nerve of the perineum 
and is directly associated with the ischial spine of the pelvis 
(Fig. 5.15). On each side of the body, these spines and the 
attached sacrospinous ligaments separate the greater 
sciatic foramina from the lesser sciatic foramina on the 
lateral pelvic wall. 

The pudendal nerve leaves the pelvic cavity through 
the greater sciatic foramen and then immediately 
enters the perineum inferiorly to the pelvic floor by 
passing around the ischial spine and through the 
lesser sciatic foramen (Fig. 5.15). The ischial spine 
can be palpated transvaginally in women and is 
the landmark for administering a pudendal nerve 
block. 


Sacrospinous ligament 


Pudendal nerve 


Parasympathetic innervation 
from spinal cord levels S2 to S4 
controls erection 


The parasympathetic innervation from spinal cord levels 
S2 to S4 controls genital erection in both women and men 
(Fig. 5.16). On each side, preganglionic parasympathetic 
nerves leave the anterior rami of the sacral spinal nerves 
and enter the inferior hypogastric plexus (pelvic plexus) 
on the lateral pelvic wall. 

The two inferior hypogastric plexuses are inferior exten- 
sions of the abdominal prevertebral plexus that forms on 
the posterior abdominal wall in association with the 
abdominal aorta. Nerves derived from these plexuses pen- 
etrate the pelvic floor to innervate the erectile tissues of the 
clitoris in women and the penis in men. 
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Fig. 5.16 Pelvic splanchnic nerves from spinal levels S2 to S4 control erection. 
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Fig. 5.17 Perineal body. 
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Fig. 5.18 Course of the urethra. A. In women. B. In men. 


In men the urethra passes through the prostate before 
coursing through the deep perineal pouch and perineal 
membrane and then becomes enclosed within the erectile 
tissues of the penis before opening at the end of the penis 
(Fig. 5.18B). The penile part of the male urethra has two 
angles: 


= the more important of these is a fixed angle where the 
urethra bends anteriorly in the root of the penis after 
passing through the perineal membrane; 
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= another angle occurs distally where the unattached 
part of the penis curves inferiorly—when the penis is 
erect, this second angle disappears. 


It is important to consider the different courses of the 
urethra in men and women when catheterizing patients 
and when evaluating perineal injuries and pelvic 
pathology. 


Regional anatomy 


The pelvis is the region of the body surrounded by the 
pelvic bones and the inferior elements of the vertebral 
column. It is divided into two major regions: the superior 
region is the false (greater) pelvis and is part of the abdomi- 
nal cavity; the inferior region is the true (lesser) pelvis, 
which encloses the pelvic cavity. 

The bowl-shaped pelvic cavity is continuous 
above with the abdominal cavity. The rim of the 
pelvic cavity (the pelvic inlet) is completely encircled 
by bone. The pelvic floor is a fibromuscular structure 
separating the pelvic cavity above from the perineum 
below. 

The perineum is inferior to the pelvic floor and its 
margin is formed by the pelvic outlet. The perineum 
contains: 


= the terminal openings of the gastrointestinal and 
urinary systems; 

= the external opening of the reproductive tract; and 

= the roots of the external genitalia. 


In the clinic 


Locating the position of the femoral artery 

The anterior superior iliac soine and the pubic tubercle 
can be palpated on a patient. The inguinal ligament 
courses between the two points and marks the separation 
between the abdomen and lower limb. 

The femoral artery in the thigh is found midway 
between the anterior superior iliac spine and the pubic 
tubercle, and inferior to the inguinal ligament—it lies 
close to the surface and a pulse can be easily felt on 
palpation. The femoral nerve lies laterally and the femoral 
vein lies medially to the femoral artery. 


Using the Femoral Artery for Angiography and 
Endovascular Procedures 

Catheters can be guided through the femoral and iliac 
arteries and into other branches of the aorta for 
angiography and endovascular procedures in the 
abdominal and thoracic regions on the ipsilateral and 





PELVIS 


Bones 


The bones of the pelvis consist of the right and left pelvic 
(hip) bones, the sacrum, and the coccyx. The sacrum artic- 
ulates superiorly with vertebra LV at the lumbosacral joint. 
The pelvic bones articulate posteriorly with the sacrum at 
the sacro-iliac joints and with each other anteriorly at the 
pubic symphysis. 


Pelvic bone 


The pelvic bone is irregular in shape and has two major 
parts separated by an oblique line on the medial surface of 
the bone (Fig. 5.19 A): 


= the pelvic bone above this line represents the lateral wall 
of the false pelvis, which is part of the abdominal cavity; 

= the pelvic bone below this line represents the lateral wall 
of the true pelvis, which contains the pelvic cavity. 


The linea terminalis is the lower two-thirds of this line 
and contributes to the margin of the pelvic inlet. 


contralateral lower limbs, the upper limbs, and blood 
vessels in the head and neck. Such procedures include 
angioplasty (widening stenoses and occlusions using 
balloons) and embolization (blocking blood vessels, for 
example to tumors or vascular masses). 

The femoral artery lies directly anterior to the femoral 
head and the hip joint. When an arterial catheter is 
withdrawn, the artery is compressed against the femoral 
head by carefully applied pressure, thus controlling and 
preventing hemorrhage. Under normal circumstances, a 
clot is formed over the small puncture within 10 minutes. 


Using the Femoral Vein for Pulmonary Angiography 
The femoral vein may be accessed in a similar manner as 
the femoral artery. Catheters can be placed through the 
femoral vein into the inferior vena cava and directly into 
the right atrium, crossing the tricuspid and pulmonary 
arterial valves, to perform pulmonary angiography. 
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Fig. 5.19 Right pelvic bone. A. Medial view. B. Lateral view. 


422 


The lateral surface of the pelvic bone has a large articu- 
lar socket, the acetabulum, which, together with the 
head of the femur, forms the hip joint (Fig. 5.19B). 

Inferior to the acetabulum is the large obturator 
foramen, most of which is closed by a flat connective 
tissue membrane, the obturator membrane. A small 
obturator canal remains open superiorly between the 
membrane and adjacent bone, providing a route of com- 
munication between the lower limb and the pelvic cavity. 

The posterior margin of the bone is marked by two 
notches separated by the ischial spine: 


= the greater sciatic notch; and 
= the lesser sciatic notch. 


The posterior margin terminates inferiorly as the large 
ischial tuberosity. 

The irregular anterior margin of the pelvic bone is 
marked by the anterior superior iliac spine, the ante- 
rior inferior iliac spine, and the pubic tubercle. 


Components of the pelvic bone 


Each pelvic bone is formed by three elements: the ilium, 
pubis, and ischium. At birth, these bones are connected by 
cartilage in the area of the acetabulum; later, at between 
16 and 18 years of age, they fuse into a single bone (Fig. 
520): 


lium 


Pubis 





Fig. 5.20 Ilium, ischium, and pubis. 


Ilium 


Of the three components of the pelvic bone, the ilium is the 
most superior in position. 

The ilium is separated into upper and lower parts by a 
ridge on the medial surface (Fig. 5.21A). 


= Posteriorly, the ridge is sharp and lies immediately 
superior to the surface of the bone that articulates with 
the sacrum. This sacral surface has a large L-shaped 
facet for articulating with the sacrum and an expanded, 
posterior roughened area for the attachment of the 
strong ligaments that support the sacro-iliac joint 
(Fig. 5.21). 

= Anteriorly, the ridge separating the upper and lower 
parts of the ilium is rounded and termed the arcuate 
line. 


The arcuate line forms part of the linea terminalis and 
the pelvic brim. 

The portion of the ilium lying inferiorly to the arcuate 
line is the pelvic part of the ilium and contributes to the 
wall of the lesser or true pelvis. 

The upper part of the ilium expands to form a flat, fan- 
shaped “wing,” which provides bony support for the lower 
abdomen, or false pelvis. This part of the ilium provides 
attachment for muscles functionally associated with 
the lower limb. The anteromedial surface of the wing is 
concave and forms the iliac fossa. The external (gluteal 
surface) of the wing is marked by lines and roughenings 
and is related to the gluteal region of the lower limb (Fig. 
5.21B). 

The entire superior margin of the ilium is thickened to 
form a prominent crest (the iliac crest), which is the site 
of attachment for muscles and fascia of the abdomen, back, 
and lower limb and terminates anteriorly as the anterior 
superior iliac spine and posteriorly as the posterior 
superior iliac spine. 

A prominent tubercle, tuberculum of iliac crest, 
projects laterally near the anterior end of the crest; the 
posterior end of the crest thickens to form the iliac 
tuberosity. 

Inferior to the anterior superior iliac spine of the crest, 
on the anterior margin of the ilium, is a rounded protuber- 
ance called the anterior inferior iliac spine. This struc- 
ture serves as the point of attachment for the rectus femoris 
muscle of the anterior compartment of the thigh and the 
iliofemoral ligament associated with the hip joint. A less 
prominent posterior inferior iliac spine occurs along 
the posterior border of the sacral surface of the ilium, where 
the bone angles forward to form the superior margin of the 
greater sciatic notch. 
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Fig. 5.21 Components of the pelvic bone. A. Medial surface. B. Lateral surface. 


In the clinic 


Bone marrow biopsy 

In certain diseases (e.g., leukemia), a sample of bone 
marrow must be obtained to assess the stage and 
severity of the problem. The iliac crest is often used for 
such bone marrow biopsies. 

The iliac crest lies close to the surface and is easily 
palpated. 

A bone marrow biopsy is easily performed by 
injecting anesthetic in the skin and passing a cutting 
needle through the cortical bone of the iliac crest. The 
bone marrow is aspirated and viewed under a 
microscope. Samples of cortical bone can also be 
obtained in this way to provide information about bone 
metabolism. 
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Pubis 


The anterior and inferior part of the pelvic bone is the 
pubis (Fig. 5.21). It has a body and two arms (rami). 


The body is flattened dorsoventrally and articulates 
with the body of the pubic bone on the other side at the 
pubic symphysis. The body has a rounded pubic crest 
on its superior surface that ends laterally as the promi- 
nent pubic tubercle. 

= The superior pubic ramus projects posterolaterally 
from the body and joins with the ilium and ischium at 
its base, which is positioned toward the acetabulum. 
The sharp superior margin of this triangular surface is 
termed the pecten pubis (pectineal line), which 
forms part of the linea terminalis of the pelvic bone and 
the pelvic inlet. Anteriorly, this line is continuous with 
the pubic crest, which also is part of the linea termi- 
nalis and pelvic inlet. The superior pubic ramus is 
marked on its inferior surface by the obturator groove, 
which forms the upper margin of the obturator canal. 


= The inferior ramus projects laterally and inferiorly to 
join with the ramus of the ischium. 


Ischium 


The ischium is the posterior and inferior part of the pelvic 
bone (Fig. 5.21). It has: 


= a large body that projects superiorly to join with the 
ilium and the superior ramus of the pubis; and 

= aramus that projects anteriorly to join with the inferior 
ramus of the pubis. 


The posterior margin of the bone is marked by a promi- 
nent ischial spine that separates the lesser sciatic notch, 
below, from the greater sciatic notch, above. 

The most prominent feature of the ischium is a large 
tuberosity (the ischial tuberosity) on the posteroinferior 
aspect of the bone. This tuberosity is an important site for 
the attachment of lower limb muscles and for supporting 
the body when sitting. 
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The sacrum, which has the appearance of an inverted tri- 
angle, is formed by the fusion of the five sacral vertebrae 
(Fig. 5.22). The base of the sacrum articulates with verte- 
bra LV, and its apex articulates with the coccyx. Each of 
the lateral surfaces of the bone bears a large L-shaped facet 
for articulation with the ilium of the pelvic bone. Posterior 
to the facet is a large roughened area for the attachment 
of ligaments that support the sacro-iliac joint. The superior 
surface of the sacrum is characterized by the superior 
aspect of the body of vertebra SI and is flanked on each side 
by an expanded wing-like transverse process termed the 
ala. The anterior edge of the vertebral body projects forward 
as the promontory. The anterior surface of the sacrum is 
concave; the posterior surface is convex. Because the trans- 
verse processes of adjacent sacral vertebrae fuse laterally 
to the position of the intervertebral foramina and laterally 
to the bifurcation of spinal nerves into posterior and ante- 
rior rami, the posterior and anterior rami of spinal nerves 
S1 to S4 emerge from the sacrum through separate fora- 
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Fig. 5.22 Sacrum and coccyx. A. Anterior view. B. Posterior view. C. Lateral view. 
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mina. There are four pairs of anterior sacral foramina 
on the anterior surface of the sacrum for anterior rami, and 
four pairs of posterior sacral foramina on the posterior 
surface for the posterior rami. The sacral canal is a con- 
tinuation of the vertebral canal that terminates as the 
sacral hiatus. 


Coccyx 


The small terminal part of the vertebral column is the 
coccyx, which consists of four fused coccygeal vertebrae 
(Fig. 5.22) and, like the sacrum, has the shape of an 
inverted triangle. The base of the coccyx is directed supe- 
riorly. The superior surface bears a facet for articulation 
with the sacrum and two horns, or cornua, one on each 
side, that project upward to articulate or fuse with similar 
downward-projecting cornua from the sacrum. These 
processes are modified superior and inferior articular pro- 
cesses that are present on other vertebrae. Each lateral 
surface of the coccyx has a small rudimentary transverse 
process, extending from the first coccygeal vertebra. Verte- 
bral arches are absent from coccygeal vertebrae; therefore 
no bony vertebral canal is present in the coccyx. 


Joints 
Lumbosacral joints 


The sacrum articulates superiorly with the lumbar part of 
the vertebral column. The lumbosacral joints are formed 
between vertebra LV and the sacrum and consist of: 


the two zygapophysial joints, which occur between 
adjacent inferior and superior articular processes; and 
an intervertebral disc that joins the bodies of vertebrae 
LV and SI (Fig. 5.23). 


These joints are similar to those between other verte- 
brae, with the exception that the sacrum is angled posteri- 
orly on vertebra LV. As a result, the anterior part of the 
intervertebral disc between the two bones is thicker than 
the posterior part. 

The lumbosacral joints are reinforced by strong iliolum- 
bar and lumbosacral ligaments that extend from the 
expanded transverse processes of vertebra LV to the ilium 
and the sacrum, respectively (Fig. 5.23B). 


Sacro-iliac joints 


The sacro-iliac joints transmit forces from the lower limbs 
to the vertebral column. They are synovial joints between 
the L-shaped articular facets on the lateral surfaces of the 
sacrum and similar facets on the iliac parts of the pelvic 
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In the clinic 


Pelvic fracture 

The pelvis can be viewed as a series of anatomical rings. 
There are three bony rings and four fibro-osseous rings. 
The major bony pelvic ring consists of parts of the 
sacrum, ilium, and pubis, which forms the pelvic inlet. 
Two smaller subsidiary rings are demonstrated as the 
obturator foraminae. The greater and lesser sciatic 
foraminae formed by the greater and lesser sciatic 
notches and the sacrospinous and sacrotuberous 
ligaments form the four fibro-osseous rings. Quite 
simply, the rings which are predominantly bony (i.e., the 
pelvic inlet and the obturator foraminae) should be 
regarded as brittle rings. It is not possible to break one 
side of the ring without breaking the other side of the 
ring, which in clinical terms means that if a fracture is 
demonstrated on one side, a second fracture should 
always be suspected. 

Fractures of the pelvis may occur in isolation; 
however, they usually occur in the polytrauma patient 
and warrant special mention. 

Owing to the large bony surfaces of the pelvis, a 
fracture produces an area of bone that can bleed 
significantly. A large hematoma may be produced, 
which can compress organs such as the bladder and the 
ureters. This blood loss may occur rapidly, reducing the 
circulating blood volume and, unless this is replaced, 
the patient will become hypovolemic and shock will 
develop. 

Pelvic fractures may also disrupt the contents of the 
pelvis, leading to urethral disruption, potential bowel 
rupture, and nerve damage. 


contour and interlock to resist movement. The joints often 
become fibrous with age and may become completely 
ossified. 

Each sacro-iliac joint is stabilized by three ligaments: 


the anterior sacro-iliac ligament, which is a thick- 
ening of the fibrous membrane of the joint capsule and 
runs anteriorly and inferiorly to the joint (Fig. 5.24B); 
the interosseous sacro-iliac ligament, which is the 
largest, strongest ligament of the three, is positioned 
immediately posterosuperior to the joint and attaches 
to adjacent expansive roughened areas on the ilium 
and sacrum, thereby filling the gap between the two 
bones (Fig. 5.24A and 5.24C); and 

the posterior sacro-iliac ligament, which covers the 
interosseous sacro-iliac ligament (Fig. 5.24C). 
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Fig. 5.23 Lumbosacral joints and associated ligaments. A. Lateral view. B. Anterior view. 
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Fig. 5.24 Sacro-iliac joints and associated ligaments. A. Lateral view. B. Anterior view. C. Posterior view. 
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Pubic symphysis joint 

The pubic symphysis lies anteriorly between the adjacent 
surfaces of the pubic bones (Fig. 5.25). Each of the joint’s 
surfaces is covered by hyaline cartilage and is linked across 
the midline to adjacent surfaces by fibrocartilage. The joint 
is surrounded by interwoven layers of collagen fibers and 
the two major ligaments associated with it are: 


E 


the superior pubic ligament, located above the joint; 
and 
the inferior pubic ligament, located below it. 


Ei 


In the clinic 


Common problems with the sacro-iliac joints 

The sacro-iliac joints have both fibrous and synovial 
components, and as with many weightbearing joints, 
degenerative changes may occur and cause pain and 
discomfort in the sacro-iliac region. In addition, 
disorders associated with the major histocompatibility 
complex antigen HLA B27, such as rheumatoid arthritis, 
psoriasis, and inflammatory bowel disease, can produce 
specific inflammatory changes within these joints. 
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Fig. 5.25 Pubic symphysis and associated ligaments. 


Orientation 


In the anatomical position, the pelvis is oriented so that 
the front edge of the top of the pubic symphysis and the 
anterior superior iliac spines lie in the same vertical plane 
(Fig. 5.26). As a consequence, the pelvic inlet, which 
marks the entrance to the pelvic cavity, is tilted to face 
anteriorly, and the bodies of the pubic bones and the pubic 
arch are positioned in a nearly horizontal plane facing the 
ground. 


Gender differences 


The pelvises of women and men differ in a number of ways, 
many of which have to do with the passing of a baby 
through a woman’s pelvic cavity during childbirth. 


= The pelvic inlet in women is circular (Fig. 5.27A) com- 
pared with the heart-shaped pelvic inlet (Fig. 5.27B) in 
men. The more circular shape is partly caused by the 
less distinct promontory and broader alae in women. 

= The angle formed by the two arms of the pubic arch 

is larger in women (80°-85°) than it is in men 

(50°—60°). 

The ischial spines generally do not project as far medi- 

ally into the pelvic cavity in women as they do in 

men. 
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Fig. 5.26 Orientation of the pelvis (anatomical position). 
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Fig. 5.27 Structure of the bony pelvis. A. In women. B. In men. The angle formed by the pubic arch can be approximated by the angle 
between the thumb and index finger for women and the angle between the index finger and middle finger for men as shown in the insets. 
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Fig. 5.28 Pelvic inlet. 


True pelvis 


The true pelvis is cylindrical and has an inlet, a wall, and 
an outlet. The inlet is open, whereas the pelvic floor closes 
the outlet and separates the pelvic cavity, above, from the 
perineum, below. 


Pelvic inlet 


The pelvic inlet is the circular opening between the abdom- 
inal cavity and the pelvic cavity through which structures 
traverse between the abdomen and pelvic cavity. It is com- 
pletely surrounded by bones and joints (Fig. 5.28). The 
promontory of the sacrum protrudes into the inlet, forming 
its posterior margin in the midline. On either side of the 
promontory, the margin is formed by the alae of the sacrum. 
The margin of the pelvic inlet then crosses the sacro-iliac 
joint and continues along the linea terminalis (i.e., the 
arcuate line, the pecten pubis or pectineal line, and the 
pubic crest) to the pubic symphysis. 


Pelvic wall 


The walls of the pelvic cavity consist of the sacrum, the 
coccyx, the pelvic bones inferior to the linea terminalis, 
two ligaments, and two muscles. 


Ligaments of the pelvic wall 


The sacrospinous and sacrotuberous ligaments (Fig. 
5.29A) are major components of the lateral pelvic walls 
that help define the apertures between the pelvic cavity 
and adjacent regions through which structures pass. 


= The smaller of the two, the sacrospinous ligament, is 
triangular, with its apex attached to the ischial spine 
and its base attached to the related margins of the 
sacrum and the coccyx. 

= The sacrotuberous ligament is also triangular and is 
superficial to the sacrospinous ligament. Its base has a 
broad attachment that extends from the posterior supe- 
rior iliac spine of the pelvic bone, along the dorsal aspect 
and the lateral margin of the sacrum, and onto the 
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Fig. 5.29 Sacrospinous and sacrotuberous ligaments. A. Medial view 


dorsolateral surface of the coccyx. Laterally, the apex of 
the ligament is attached to the medial margin of the 
ischial tuberosity. 


These ligaments stabilize the sacrum on the pelvic bones 
by resisting the upward tilting of the inferior aspect of the 
sacrum (Fig. 5.29B). They also convert the greater and 
lesser sciatic notches of the pelvic bone into foramina (Fig. 
5:297\,; B). 


= The greater sciatic foramen lies superior to the sacro- 
spinous ligament and the ischial spine. 

= The lesser sciatic foramen lies inferior to the ischial 
spine and sacrospinous ligament between the sacrospi- 
nous and sacrotuberous ligaments. 


Muscles of the pelvic wall 


Two muscles, the obturator internus and the piriformis, 
contribute to the lateral walls of the pelvic cavity. These 
muscles originate in the pelvic cavity but attach peripher- 
ally to the femur. 


Obturator internus 


The obturator internus is a flat, fan-shaped muscle that 
originates from the deep surface of the obturator mem- 
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of right side of pelvis. B. Function of the ligaments. 


brane and from associated regions of the pelvic bone 
that surround the obturator foramen (Fig. 5.30 and 
Table 5.1). 

The muscle fibers of the obturator internus converge to 
form a tendon that leaves the pelvic cavity through the 
lesser sciatic foramen, makes a 90° bend around the 
ischium between the ischial spine and ischial tuberosity, 
and then passes posterior to the hip joint to insert on the 
greater trochanter of the femur. 

The obturator internus forms a large part of the antero- 
lateral wall of the pelvic cavity. 


Piriformis 
The piriformis is triangular and originates in the bridges of 
bone between the four anterior sacral foramina. It passes 
laterally through the greater sciatic foramen, crosses the 
posterosuperior aspect of the hip joint, and inserts on 
the greater trochanter of the femur above the insertion of 
the obturator internus muscle (Fig. 5.30 and Table 5.1). 
A large part of the posterolateral wall of the pelvic cavity 
is formed by the piriformis. In addition, this muscle sepa- 
rates the greater sciatic foramen into two regions, one 
above the muscle and one below. Vessels and nerves cours- 
ing between the pelvic cavity and the gluteal region pass 
through these two regions. 






Piriformis muscle 


Obturator internus muscle 


SIII Anterior sacral 


Fig. 5.30 Obturator internus and piriformis muscles (medial view of right side of pelvis). 


Table 5.1 Muscles of the pelvic walls 


Muscles of pelvic wall Origin 
Anterolateral wall of true pelvis 
(deep surface of obturator 


membrane and surrounding bone) 


Obturator internus 


Anterior surface of sacrum between 
anterior sacral foramina 


Piriformis 


Apertures in the pelvic wall 


Each lateral pelvic wall has three major apertures through 
which structures pass between the pelvic cavity and other 
regions: 


= the obturator canal; 
= the greater sciatic foramen; and 
= the lesser sciatic foramen. 


Obturator canal 


At the top of the obturator foramen is the obturator canal, 
which is bordered by the obturator membrane, the associ- 
ated obturator muscles, and the superior pubic ramus (Fig. 
5.31). The obturator nerve and vessels pass from the pelvic 
cavity to the thigh through this canal. 


Insertion 


Medial surface of 
greater trochanter of 
femur 


Medial side of superior 
border of greater 
trochanter of femur 


foramina 
SIV. 
Innervation Function 
Nerve to Lateral rotation of the 
obturator internus extended hip joint; abduction 
L5, SI of flexed hip 


Lateral rotation of the 
extended hip joint; abduction 
of flexed hip 


Branches from L5, 
SI, and S2 


Greater sciatic foramen 


The greater sciatic foramen is a major route of communi- 
cation between the pelvic cavity and the lower limb (Fig. 
5.31). Itis formed by the greater sciatic notch in the pelvic 
bone, the sacrotuberous and the sacrospinous ligaments, 
and the spine of the ischium. 

The piriformis muscle passes through the greater sciatic 
foramen, dividing it into two parts. 


= The superior gluteal nerves and vessels pass through 
the foramen above the piriformis. 

= Passing through the foramen below the piriformis are 
the inferior gluteal nerves and vessels, the sciatic nerve, 
the pudendal nerve, the internal pudendal vessels, the 
posterior femoral cutaneous nerves, and the nerves to 
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Fig. 5.31 Apertures in the pelvic wall. 


the obturator internus and quadratus femoris 


muscles. 


Lesser sciatic foramen 


The lesser sciatic foramen is formed by the lesser sciatic 
notch of the pelvic bone, the ischial spine, the sacrospinous 
ligament, and the sacrotuberous ligament (Fig. 5.31). 
The tendon of the obturator internus muscle passes 
through this foramen to enter the gluteal region of the 
lower limb. 

Because the lesser sciatic foramen is positioned below 
the attachment of the pelvic floor, it acts as a route of com- 
munication between the perineum and the gluteal region. 
The pudendal nerve and internal pudendal vessels pass 
between the pelvic cavity (above the pelvic floor) and the 
perineum (below the pelvic floor), by first passing out of the 
pelvic cavity through the greater sciatic foramen, then 
looping around the ischial spine and sacrospinous liga- 
ment to pass through the lesser sciatic foramen to enter the 
perineum. 


Pelvic outlet 


The pelvic outlet is diamond shaped, with the anterior part 
of the diamond defined predominantly by bone and the 
posterior part mainly by ligaments (Fig. 5.32). In the 
midline anteriorly, the boundary of the pelvic outlet is 
the pubic symphysis. Extending laterally and posteriorly, 
the boundary on each side is the inferior border of the body 
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of the pubis, the inferior ramus of the pubis, the ramus of 
the ischium, and the ischial tuberosity. Together, the ele- 
ments on both sides form the pubic arch. 

From the ischial tuberosities, the boundaries continue 
posteriorly and medially along the sacrotuberous ligament 
on both sides to the coccyx. 

Terminal parts of the urinary and gastrointestinal tracts 
and the vagina pass through the pelvic outlet. 

The area enclosed by the boundaries of the pelvic outlet 
and below the pelvic floor is the perineum. 


Pelvic floor 


The pelvic floor is formed by the pelvic diaphragm and, in 
the anterior midline, the perineal membrane and the 
muscles in the deep perineal pouch. The pelvic diaphragm 
is formed by the levator ani and the coccygeus muscles 
from both sides. The pelvic floor separates the pelvic cavity, 
above, from the perineum, below. 


The pelvic diaphragm 

The pelvic diaphragm is the muscular part of the pelvic 
floor. Shaped like a bowl or funnel and attached superiorly 
to the pelvic walls, it consists of the levator ani and the 
coccygeus muscles (Fig. 5.34 and Table 5.2). 

The pelvic diaphragm’s circular line of attachment to 
the cylindrical pelvic wall passes, on each side, between the 
greater sciatic foramen and the lesser sciatic foramen. 
Thus: 
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Fig. 5.32 Pelvic outlet. 


In the clinic 


Pelvic measurements in obstetrics Arms Torso Legs 


In pregnancy, if it is thought that the size and position of 
the fetal head could cause problems in childbirth, 
accurate transverse and sagittal measurements of the 
mother’s pelvic inlet and outlet can help in predicting the 
likelihood of a successful vaginal delivery. These 
measurements include: 


m the sagittal inlet (between the promontory and the 
top of the pubic symphysis); 

m the maximum transverse diameter of the inlet; 

= the bispinous outlet (the distance between ischial 
spines); and 

m the sagittal outlet (the distance between the tip of 
the coccyx and the inferior margin of the pubic 
symphysis). 


The acceptable values for these are 11, 11.5, 9, and 
10 cm, respectively. 

These measurements can be obtained using plain 
radiographs and computed tomography scans. Both these 
techniques use ionizing radiation, and even a low dose 
carries a potential risk to the mother and fetus. Newer 
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the lower abdomen and pelvis of a pregnant woman. 









Obturator internus muscle 


Tendinous arch 


Obturator canal 


llliococcygeus 
muscle 


Pubococcygeus 
muscle 


Levator ani 


Puborectalis 
muscle 


Urogenital hiatus Vi 


Fig. 5.34 Pelvic diaphragm. 





Table 5.2 Muscles of the pelvic diaphragm 


Muscles of Origin Insertion Innervation 


pelvic wall 


Levator ani In a line around the pelvic wall The anterior part is attached Branches direct from 
beginning on the posterior to the superior surface of the the ventral ramus of 
aspect of the pubic bone and perineal membrane; the S4, and by the 
extending across the posterior part meets its inferior rectal branch 
obturator internus muscle asa partner on the other side at of the pudendal 
tendinous arch (thickening of the perineal body, around the nerve (S2 to S4) 
the obturator internus fascia) anal canal, and along the 
to the ischial spine anococcygeal ligament 

Coccygeus Ischial spine and pelvic surface Lateral margin of coccyx and Branches from the 


anterior rami of S3 
and S4 


of the sacrospinous ligament related border of sacrum 
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Anococcygeal 
ligament 


Coccygeus 
muscle 


Sacrospinous 
ligament 


Anal aperture 





Function 


Contributes to the formation of the 
pelvic floor, which supports the 
pelvic viscera; maintains an angle 
between the rectum and anal canal. 
Reinforces the external anal 
sphincter and, in women, functions 
as a vaginal sphincter 


Contributes to the formation of the 
pelvic floor, which supports the 
pelvic viscera; pulls coccyx forward 
after defecation 


the greater sciatic foramen is situated above the level of 
the pelvic floor andis a route of communication between 
the pelvic cavity and the gluteal region of the lower 
limb; and 

the lesser sciatic foramen is situated below the pelvic 
floor, providing a route of communication between the 
gluteal region of the lower limb and the perineum. 


Levator ani 


The two levator ani muscles originate from each side of the 
pelvic wall, course medially and inferiorly, and join together 
in the midline. The attachment to the pelvic wall follows 
the circular contour of the wall and includes: 


the posterior aspect of the body of the pubic bone; 

a linear thickening called the tendinous arch, in the 
fascia covering the obturator internus muscle; and 

the spine of the ischium. 


At the midline, the muscles blend together posterior to 
the vagina in women and around the anal aperture in both 
sexes. Posterior to the anal aperture, the muscles come 
together as a ligament or raphe called the anococcygeal 
ligament (anococcygeal body) and attaches to the 
coccyx. Anteriorly, the muscles are separated by a U- 
shaped defect or gap termed the urogenital hiatus. The 
margins of this hiatus merge with the walls of the associ- 
ated viscera and with muscles in the deep perineal pouch 
below. The hiatus allows the urethra (in both men and 
women), and the vagina (in women), to pass through the 
pelvic diaphragm (Fig. 5.34). 


In the clinic 


Defecation 

At the beginning of defecation, intra-abdominal pressure 
is increased by muscular contraction of the quadratus 
lumborum, the rectus abdominis, the external and internal 
oblique, and the transversus abdominis muscles. The 
diaphragm is stabilized by the closure of the larynx. 

The puborectalis muscle surrounding the anorectal 
junction relaxes to allow straightening of the anorectal 
angle (the puborectal sling usually produces an angle of 
about 90° between the rectum and the anal canal so that 
it is closed off). The anorectal angle normally acts as a 
“pinch valve” to prevent defecation. In defecation the 
anorectal angle increases to about 130°-140°; as a result 
the anal canal straightens and feces can be evacuated. 

In addition, the external anal sphincter relaxes and so 
shortens the anal canal. (When contracted, the external 
anal sphincter accentuates the action of the puborectalis 


Regional anatomy ° Pelvis 





The levator ani muscles are divided into at least three 
collections of muscle fibers, based on site of origin and rela- 
tionship to viscera in the midline: the pubococcygeus, the 
puborectalis, and the iliococcygeus muscles. 


The pubococcygeus originates from the body of the 
pubis and courses posteriorly to attach along the midline 
as far back as the coccyx. This part of the muscle is 
further subdivided on the basis of association with 
structures in the midline into the puboprostaticus 
(levator prostatae), the pubovaginalis, and the 
puboanalis muscles. 

A second major collection of muscle fibers, the puborec- 
talis portion of the levator ani muscles, originates, in 
association with the pubococcygeus muscle, from the 
pubis and passes inferiorly on each side to form a sling 
around the terminal part of the gastrointestinal tract. 
This muscular sling maintains an angle or flexure, 
called the perineal flexure, at the anorectal junction. 
This angle functions as part of the mechanism that 
keeps the end of the gastrointestinal system closed. 
The final part of the levator ani muscle is the iliococ- 
cygeus. This part of the muscle originates from the 
fascia that covers the obturator internus muscle. It 
joins the same muscle on the other side in the midline 
to form a ligament or raphe that extends from the anal 
aperture to the coccyx. 


The levator ani muscles help support the pelvic viscera 
and maintain closure of the rectum and vagina. They are 
innervated directly by branches from the anterior ramus 
of S4 and by branches of the pudendal nerve (S2 to S4). 


by pulling the anorectal junction forward to further 
increase the anorectal angle.) 

The fatty tissue of the ischio-anal fossa allows for 
changes in the position and size of the anal canal and 
anus during defecation. During evacuation, the anorectal 
junction moves down and back and the pelvic floor 
usually descends slightly. 

The internal anal sphincter, which usually acts to close 
off the upper and middle portions of the anal canal, 
relaxes to allow the passage of feces. 

The circular muscles of the rectal wall undergo a wave 
of contraction to push feces toward the anus. 

As feces emerge from the anus, the longitudinal 
muscles of the rectum and levator ani bring the anal canal 
back up, the feces are expelled, and the anus and rectum 
return to their normal positions. 
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Pelvis and Perineum 


Coccygeus 


The two coccygeus muscles, one on each side, are triangu- 
lar and overlie the sacrospinous ligaments; together they 
complete the posterior part of the pelvic diaphragm (Fig. 
5.34 and Table 5.2). They are attached, by their apices, to 
the tips of the ischial spines and, by their bases, to the 
lateral margins of the coccyx and adjacent margins of the 
sacrum. 

These coccygeus muscles are innervated by branches 
from the anterior rami of S3 and S4 and participate in sup- 
porting the posterior aspect of the pelvic floor. 


The perineal membrane and deep 
perineal pouch 


The perineal membrane is a thick fascial, triangular 
structure attached to the bony framework of the pubic 
arch (Fig. 5.35A). It is oriented in the horizontal plane and 
has a free posterior margin. Anteriorly, there is a small gap 
between the membrane and the inferior pubic ligament 
(a ligament associated with the pubic symphysis). 
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Ischiopubic ramus 


Obturator foramen 


Perineal membrane 


B Opening for urethra 


Deep perineal pouch 


The perineal membrane is related above to a thin space 
called the deep perineal pouch (deep perineal space) 
(Fig. 5.35B), which contains a layer of skeletal muscle and 
various neurovascular elements. 

The deep perineal pouch is open above and is not sepa- 
rated from more superior structures by a distinct layer of 
fascia. The parts of perineal membrane and structures in 
the deep perineal pouch, enclosed by the urogenital hiatus 
above, therefore contribute to the pelvic floor and support 
elements of the urogenital system in the pelvic cavity, even 
though the perineal membrane and deep perineal pouch 
are usually considered parts of the perineum. 

The perineal membrane and adjacent pubic arch provide 
attachment for the roots of the external genitalia and the 
muscles associated with them (Fig. 5.35C). 

The urethra penetrates vertically through a circular 
hiatus in the perineal membrane as it passes from the 
pelvic cavity, above, to the perineum, below. In women, 
the vagina also passes through a hiatus in the perineal 
membrane just posterior to the urethral hiatus. 
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Fig. 5.35 Perineal membrane and deep perineal pouch. A. Inferior view. B. Superolateral view. 
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Fig. 5.35, cont’d Perineal membrane and deep perineal pouch. C. Medial view. 


group forms the compressor urethrae, on each side, 
which originate from the ischiopubic rami and meet 
anterior to the urethra. Together with the external ure- 
thral sphincter, the sphincter urethrovaginalis and 
compressor urethrae facilitate closing of the urethra. 

= [n both men and women, a deep transverse perineal 
muscle on each side parallels the free margin of 
the perineal membrane and joins with its partner at 
the midline. These muscles are thought to stabilize the 
position of the perineal body, which is a midline 
structure along the posterior edge of the perineal 


Within the deep perineal pouch, a sheet of skeletal 
muscle functions as a sphincter, mainly for the urethra, 
and as a stabilizer of the posterior edge of the perineal 
membrane (Fig. 5.36 and Table 5.3). 


= Anteriorly, a group of muscle fibers surround the 
urethra and collectively form the external urethral 
sphincter. 

= Two additional groups of muscle fibers are associated 
with the urethra and vagina in women. One group 
forms the sphincter urethrovaginalis, which sur- 


rounds the urethra and vagina as a unit. The second membrane. 
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Pelvis and Perineum 


Perineal body 


The perineal body is an ill-defined but important connec- 
tive tissue structure into which muscles of the pelvic floor 
and the perineum attach (Fig. 5.37). It is positioned in the 
midline along the posterior border of the perineal mem- 
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Fig. 5.36 Muscles in the deep perineal pouch. A. In women. B. In 
men. 


Table 5.3 Muscles within the deep perineal pouch 


Muscles of pelvic wall Origin 
From the inferior ramus of the 
pubis on each side and adjacent 


walls of the deep perineal pouch 


External urethral 
sphincter 


Deep transverse Medial aspect of ischial ramus 


perineal 


Compressor urethrae Ischiopubic ramus on each side 


(in women only) 


Sphincter 
urethrovaginalis 


Perineal body 


Insertion 


Surrounds membranous 
part of urethra 


Perineal body 


Blends with partner on 
other side anterior to the 
urethra 


Passes forward lateral to 
the vagina to blend with 
partner on other side 
anterior to the urethra 


brane, to which it attaches. The posterior end of the uro- 
genital hiatus in the levator ani muscles is also connected 
to it. 

The deep transverse perineal muscles intersect at the 
perineal body; in women, the sphincter urethrovaginalis 
also attaches to the perineal body. Other muscles that 
connect to the perineal body include the external anal 
sphincter, the superficial transverse perineal muscles, and 
the bulbospongiosus muscles of the perineum. 


Viscera 


The pelvic viscera include parts of the gastrointestinal 
system, the urinary system, and the reproductive system. 
The viscera are arranged in the midline, from front to back; 
the neurovascular supply is through branches that pass 
medially from vessels and nerves associated with the pelvic 
walls. 


Perineal body 





Superficial transverse perineal muscle y 


Fig. 5.37 Perineal body. 


Innervation Function 


Compresses the membranous 
urethra; relaxes during 
micturition 


Perineal branches 
of the pudendal 
nerve (S2 to S4) 


Stabilizes the position of the 
perineal body 


Perineal branches 
of the pudendal 
nerve (S2 to S4) 


Perineal branches 
of the pudendal 
nerve (S2 to S4) 


Functions as an accessory 
sphincter of the urethra 


Perineal branches 
of the pudendal 
nerve (S2 to S4) 


Functions as an accessory 
sphincter of the urethra (also 
may facilitate closing the 
vagina) 


In the clinic 


Episiotomy 
During childbirth, the perineal body may be stretched 
and torn. 

If, during childbirth, a perineal tear (including a tear 
of the perineal body) is likely, the obstetrician may 
incise the skin and the perineal body to allow the head 
of the fetus to pass through the vagina. This procedure 
is known as an episiotomy. The benefit of such a clean 
incision is that it is easier to suture than a complex 
ragged tear. 

Occasionally, a posterolateral episiotomy is 
performed. This bypasses the perineal body. A median 
(midline) episiotomy cuts through the perineal body. 


Gastrointestinal system 


Pelvic parts of the gastrointestinal system consist mainly 
of the rectum and the anal canal, although the terminal 
part of the sigmoid colon is also in the pelvic cavity (Fig. 
5.38). 


Rectum 


The rectum is continuous: 


above, with the sigmoid colon at about the level of ver- 
tebra SIII; and 

below, with the anal canal as this structure penetrates 
the pelvic floor and passes through the perineum to end 
as the anus. 


The rectum, the most posterior element of the pelvic 
viscera, is immediately anterior to, and follows the concave 
contour of the sacrum. 

The anorectal junction is pulled forward (perineal 
flexure) by the action of the puborectalis part of the levator 
ani muscle, so the anal canal moves in a posterior direction 
as it passes inferiorly through the pelvic floor. 

In addition to conforming to the general curvature of 
the sacrum in the anteroposterior plane, the rectum has 
three lateral curvatures; the upper and lower curvatures 
to the right and the middle curvature to the left. The lower 
part of the rectum is expanded to form the rectal ampulla. 
Finally, unlike the colon, the rectum lacks distinct taeniae 
coli muscles, omental appendices, and _ sacculations 
(haustra of the colon). 


Anal canal 


The anal canal begins at the terminal end of the rectal 
ampulla where it narrows at the pelvic floor. It terminates 
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In the clinic 


Digital rectal examination 

A digital rectal examination (DRE) is a straightforward 
procedure performed by a clinician and should be 
undertaken by all physicians at some stage during their 
training. 

The procedure is performed by placing the gloved 
and lubricated index finger into the rectum through the 
anus. The anal mucosa should be palpated for mass 
lesions knowing that a small percentage of colorectal 
tumors may be directly palpable. In the female the 
posterior wall of the vagina and the cervix can be 
palpated. In the male the prostate should be palpated. 
The central sulcus and left and right lobes are easily felt 
and any extraneous nodules or masses will be easily 
detected. 

In many instances the digital rectal examination may 
be followed by proctoscopy or colonoscopy. An 
ultrasound probe may be placed into the rectum to 
assess the gynecological structures in females and the 
prostate in the male before performing a prostatic 
biopsy. 


as the anus after passing through the perineum. As it 
passes through the pelvic floor, the anal canal is sur- 
rounded along its entire length by the internal and exter- 
nal anal sphincters, which normally keep it closed. 

The lining of the anal canal bears a number of charac- 
teristic structural features that reflect the approximate 
position of the anococcygeal membrane in the fetus (which 
closes the terminal end of the developing gastrointestinal 
system in the fetus) and the transition from gastrointesti- 
nal mucosa to skin in the adult (Fig. 5.38B). 


The upper part of the anal canal is lined by mucosa 
similar to that lining the rectum and is distinguished by 
a number of longitudinally oriented folds known as 
anal columns, which are united inferiorly by crescen- 
tic folds termed anal valves. Superior to each valve is 
a depression termed an anal sinus. The anal valves 
together form a circle around the anal canal at a loca- 
tion known as the pectinate line, which marks the 
approximate position of the anal membrane in the 
fetus. 

Inferior to the pectinate line is a transition zone known 
as the anal pecten, which is lined by nonkeratinized 
stratified squamous epithelium. The anal pecten ends 
inferiorly at the anocutaneous line (“white line”), or 
where the lining of the anal canal becomes true skin. 
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Fig. 5.38 Rectum and anal canal. A. Left pelvic bone removed. B. Longitudinal section. 
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In the clinic 


Carcinoma of the colon and rectum 

Carcinoma of the colon and rectum (colorectum) is a 
common and lethal disease. Recent advances in surgery, 
radiotherapy, and chemotherapy have only slightly 
improved 5-year survival rates. 

The biologic behavior of tumors of the colon and 
rectum is relatively predictable. Most of the tumors 
develop from benign polyps, some of which undergo 
malignant change. The overall prognosis is related to: 


= the degree of tumor penetration through the 
bowel wall; 

m the presence or absence of lymphatic 
dissemination; and 

= the presence or absence of systemic metastases. 


Given the position of the colon and rectum in the 
abdominopelvic cavity and its proximity to other 
organs, it is extremely important to accurately stage 
colorectal tumors: a tumor in the pelvis, for example, 
could invade the uterus or bladder. Assessing whether 
spread has occurred may involve ultrasound scanning, 
computed tomography, and magnetic resonance 
imaging. 
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Fig. 5.39 Pelvic parts of the urinary system. 


Urinary system 


The pelvic parts of the urinary system consist of the termi- 
nal parts of the ureters, the bladder, and the proximal part 
of the urethra (Fig. 5.39). 


Ureters 


The ureters enter the pelvic cavity from the abdomen by 
passing through the pelvic inlet. On each side, the ureter 
crosses the pelvic inlet and enters the pelvic cavity in the 
area anterior to the bifurcation of the common iliac artery. 
From this point, it continues along the pelvic wall and floor 
to join the base of the bladder. 

In the pelvis, the ureter is crossed by: 


= the ductus deferens in men; and 
= the uterine artery in women. 


Bladder 


The bladder is the most anterior element of the pelvic 
viscera. Although it is entirely situated in the pelvic cavity 
when empty, it expands superiorly into the abdominal 
cavity when full. 

The empty bladder is shaped like a three-sided pyramid 
that has tipped over to lie on one of its margins (Fig. 5.40A). 
It has an apex, a base, a superior surface, and two infero- 
lateral surfaces. 


= The apex of the bladder is directed toward the top of the 
pubic symphysis; a structure known as the median 
umbilical ligament (a remnant of the embryological 
urachus that contributes to the formation of the bladder) 
continues from it superiorly up the anterior abdominal 
wall to the umbilicus. 

= The base of the bladder is shaped like an inverted tri- 
angle and faces posteroinferiorly. The two ureters enter 
the bladder at each of the upper corners of the base, and 
the urethra drains inferiorly from the lower corner of 
the base. Inside, the mucosal lining on the base of the 
bladder is smooth and firmly attached to the underlying 
smooth muscle coat of the wall—unlike elsewhere in 
the bladder where the mucosa is folded and loosely 
attached to the wall. The smooth triangular area 
between the openings of the ureters and urethra on the 
inside of the bladder is known as the trigone (Fig. 
5.40B). 

= The inferolateral surfaces of the bladder are cradled 
between the levator ani muscles of the pelvic diaphragm 
and the adjacent obturator internus muscles above the 
attachment of the pelvic diaphragm. The superior 
surface is slightly domed when the bladder is empty; it 
balloons upward as the bladder fills. 
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Fig. 5.40 Bladder. A. Superolateral view. B. The trigone. Anterior 
view with the anterior part of the bladder cut away. 


Neck of bladder 


The neck of the bladder surrounds the origin of the urethra 
at the point where the two inferolateral surfaces and the 
base intersect. 

The neck is the most inferior part of the bladder and also 
the most “fixed” part. It is anchored into position by a pair 
of tough fibromuscular bands, which connect the neck and 
pelvic part of the urethra to the posteroinferior aspect of 
each pubic bone. 


= In women, these fibromuscular bands are termed pubo- 
vesical ligaments (Fig. 5.41A). Together with the 
perineal membrane and associated muscles, the levator 
ani muscles, and the pubic bones, these ligaments help 
support the bladder. 
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Fig. 5.41 Ligaments that anchor the neck of the bladder and pelvic 
part of the urethra to the pelvic bones. A. In women. B. In men. 


= In men, the paired fibromuscular bands are known as 
puboprostatic ligaments because they blend with 
the fibrous capsule of the prostate, which surrounds the 
neck of the bladder and adjacent part of the urethra 
(Fig. 5.41B). 


Although the bladder is considered to be pelvic in the 
adult, it has a higher position in children. At birth, the 
bladder is almost entirely abdominal; the urethra begins 
approximately at the upper margin of the pubic symphysis. 
With age, the bladder descends until after puberty when it 
assumes the adult position. 


In the clinic 


Bladder stones 

In some patients, small calculi (stones) form in the kidneys. 
These may pass down the ureter, causing ureteric 
obstruction, and into the bladder (Fig. 5.42), where 
insoluble salts further precipitate on these small calculi to 
form larger calculi. Often, these patients develop (or may 
already have) problems with bladder emptying, which 
leaves residual urine in the bladder. This urine may 
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become infected and alter the pH of the urine, permitting 
further precipitation of insoluble salts. 

If small enough, the stones may be removed via a 
transurethral route using specialized instruments. If the 
stones are too big, it may be necessary to make a 
suprapubic incision and enter the bladder 
retroperitoneally to remove them. 


Dilated calyces Obstructed ureter Left kidney emptied 


i, 


Stone 


Fig. 5.42 Intravenous urogram demonstrating a bladder stone in the lower portion of the ureter. A. Control. B. Post micturition. 


In the clinic 


Suprapubic catheterization 
In certain instances it is necessary to catheterize the 
bladder through the anterior abdominal wall. For 
example, when the prostate is markedly enlarged and it is 
impossible to pass a urethral catheter a suprapubic 
catheter may be placed. 

The bladder is a retroperitoneal structure and when full 
lies adjacent to the anterior abdominal wall. Ultrasound 
visualization of the bladder may be useful in assessing the 


size of this structure and importantly differentiating this 
structure from other potential abdominal masses. 

The procedure of suprapubic catheterization is 
straightforward and involves the passage of a small 
catheter on a needle in the midline approximately 2 cm 
above the pubic symphysis. The catheter passes easily 
into the bladder without compromise of other structures 
and permits free drainage. 
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In the clinic 


Bladder cancer 

Bladder cancer (Fig. 5.43) is the most common tumor of 
the urinary tract and is usually a disease of the sixth and 
seventh decades, although there is an increasing trend for 
younger patients to develop this disease. 

Approximately one-third of bladder tumors are 
multifocal; fortunately, two-thirds are superficial tumors 
and amenable to local treatment. 

Bladder tumors may spread through the bladder wall 
and invade local structures, including the rectum, uterus 
(in women), and the lateral walls of the pelvic cavity. 
Prostatic involvement is not uncommon in male patients. 
The disease spreads via the locoregional internal iliac 
lymph nodes. Spread to distant metastatic sites rarely 
includes the lung. 

Treatment for early stage tumors includes local 
resection with preservation of the bladder. Diffuse tumors 
may be treated with local chemotherapy; more extensive 
tumors may require radical surgical removal of the 
bladder and, in men, the prostate. 

Large bladder tumors may produce complications, 
including invasion and obstruction of the ureters. Ureteric 
obstruction can then obstruct the kidneys and induce 
kidney failure. Furthermore, tumor invasion of other 
structures of the pelvic cavity can cause symptoms. 


Urethra 


The urethra begins at the base of the bladder and ends with 
an external opening in the perineum. The paths taken by 
the urethra differ significantly in women and men. 


In women 


In women, the urethra is short, being about 4 cm long. It 
travels a slightly curved course as it passes inferiorly 
through the pelvic floor into the perineum, where it passes 
through the deep perineal pouch and perineal membrane 
before opening in the vestibule that lies between the labia 
minora (Fig. 5.44A). 

The urethral opening is anterior to the vaginal opening 
in the vestibule. The inferior aspect of the urethra is bound 
to the anterior surface of the vagina. Two small para- 
urethral mucous glands (Skene’s glands) are associated 
with the lower end of the urethra. Each drains via a duct 
that opens onto the lateral margin of the external urethral 
orifice. 
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Small tumor Bladder 


Fig. 5.43 Intravenous urogram demonstrating a small tumor in 
the wall of the bladder. 


In men 


In men, the urethra is long, about 20 cm, and bends twice 
along its course (Fig. 5.44B). Beginning at the base of the 
bladder and passing inferiorly through the prostate, it 
passes through the deep perineal pouch and perineal mem- 
brane and immediately enters the root of the penis. As the 
urethra exits the deep perineal pouch, it bends forward to 
course anteriorly in the root of the penis. When the penis 
is flaccid, the urethra makes another bend, this time infe- 
riorly, when passing from the root to the body of the penis. 
During erection, the bend between the root and body of the 
penis disappears. 

The urethra in men is divided into preprostatic, pros- 
tatic, membranous, and spongy parts. 


Preprostatic part. The preprostatic part of the urethra is 
about 1 cm long, extends from the base of the bladder to 
the prostate, and is associated with a circular cuff of smooth 
muscle fibers (the internal urethral sphincter). Con- 


traction of this sphincter prevents retrograde movement of 
semen into the bladder during ejaculation. 


Prostaticpart. Theprostatic part of the urethra (Fig. 5.44C) 
is 3—4 cm long and is surrounded by the prostate. In this 
region, the lumen of the urethra is marked by a longitudi- 
nal midline fold of mucosa (the urethral crest). The 
depression on each side of the crest is the prostatic sinus; 
the ducts of the prostate empty into these two sinuses. 
Midway along its length, the urethral crest is enlarged 
to form a somewhat circular elevation (the seminal col- 
liculus). In men, the seminal colliculus is used to deter- 
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Fig. 5.44 Urethra. A. In women. B. In men. 





mine the position of the prostate gland during transurethral 
transection of the prostate. 

A small blind-ended pouch—the prostatic utricle 
(thought to be the homologue of the uterus in women)— 
opens onto the center of the seminal colliculus. On each 
side of the prostatic utricle is the opening of the ejaculatory 
duct of the male reproductive system. Therefore the con- 
nection between the urinary and reproductive tracts in 
men occurs in the prostatic part of the urethra. 


Membranous part. The membranous part of the urethra is 
narrow and passes through the deep perineal pouch 
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Fig. 5.44, cont’d Urethra. C. Prostatic part of the urethra in men. 


(Fig. 5.44B). During its transit through this pouch, the In the clinic 
urethra, in both men and women, is surrounded by skele- 
tal muscle of the external urethral sphincter. Bladder infection 

The relatively short length of the urethra in women 
Spongy urethra. The spongy urethra is surrounded by makes them more susceptible than men to bladder 
erectile tissue (the corpus spongiosum) of the penis. It is infection. The primary symptom of urinary tract 
enlarged to form a bulb at the base of the penis and again infection in women is usually inflammation of the 
at the end of the penis to form the navicular fossa (Fig. bladder (cystitis). The infection can be controlled in 
5.44B). The two bulbourethral glands in the deep perineal most instances by oral antibiotics and resolves without 
pouch are part of the male reproductive system and open complication. In children under 1 year of age, infection 
into the bulb of the spongy urethra. The external urethral from the bladder may spread via the ureters to the 
orifice is the sagittal slit at the end of the penis. kidneys, where it can produce renal damage and 


ultimately lead to renal failure. Early diagnosis and 
treatment are necessary. 
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In the clinic 


Urethral catheterization 
Urethral catheterization is often performed to drain urine 
from a patient’s bladder when the patient is unable to 
micturate. When inserting urinary catheters, it is important 
to appreciate the gender anatomy of the patient. 

In men: 


= The spongy urethra is surrounded by the erectile 
tissue of the bulb of the penis immediately inferior 
to the deep perineal pouch. The wall of this short 
segment of urethra is relatively thin and angles 
superiorly to pass through the deep perineal pouch; 
at this position the urethra is vulnerable to iatrogenic 
damage, notably during cystoscopy. 

=» The membranous part of the urethra runs superiorly 
as it passes through the deep perineal pouch. 





Bladder 
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= The prostatic part of the urethra takes a slight 
concave curve anteriorly as it passes through the 
prostate gland. 


In women, it is much simpler to pass catheters and 
cystoscopes because the urethra is short and straight. 
Urine may therefore be readily drained from a distended 
bladder without significant concern for urethral rupture. 

Occasionally, it is impossible to pass any form of 
instrumentation through the urethra to drain the bladder, 
usually because there is a urethral stricture or prostatic 
enlargement. In such cases, an ultrasound of the lower 
abdomen will demonstrate a full bladder (Fig. 5.45) 
behind the anterior abdominal wall. A suprapubic catheter 
may be inserted into the bladder with minimal trauma 
through a small incision under local anesthetic. 





Bladder 


Fig. 5.45 Ultrasound demonstrating the bladder. A. Full bladder. B. Postmicturition bladder. 
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Reproductive system 
In men 


The reproductive system in men has components in the 
abdomen, pelvis, and perineum (Fig. 5.46A). The major 
components are a testis, epididymis, ductus deferens, and 
ejaculatory duct on each side, and the urethra and penis 
in the midline. In addition, three types of accessory glands 
are associated with the system: 


a single prostate; 
a pair of seminal vesicles; and 
a pair of bulbourethral glands. 


The design of the reproductive system in men is basi- 
cally a series of ducts and tubules. The arrangement of 
parts and linkage to the urinary tract reflects its embryo- 
logical development. 


Testes 


The testes originally develop high on the posterior abdom- 
inal wall and then descend, normally before birth, through 
the inguinal canal in the anterior abdominal wall and into 
the scrotum of the perineum. During descent, the testes 
carry their vessels, lymphatics, and nerves, as well as their 
principal drainage ducts, the ductus deferens (vas def- 
erens) with them. The lymph drainage of the testes is 
therefore to the lateral aortic or lumbar nodes and pre- 
aortic nodes in the abdomen, and not to the inguinal or 
pelvic lymph nodes. 

Each ellipsoid-shaped testis is enclosed within the end of 
an elongated musculofascial pouch, which is continuous 
with the anterior abdominal wall and projects into the 
scrotum. The spermatic cord is the tube-shaped connec- 


In the clinic 


Testicular tumors 
Tumors of the testis account for a small percentage of 
malignancies in men. However, they generally occur in 
younger patients (between 20 and 40 years of age). When 
diagnosed at an early stage, most of these tumors are 
curable by surgery and chemotherapy. 

Early diagnosis of testicular tumor is extremely 
important. Abnormal lumps can be detected by palpation 
and diagnosis can be made using ultrasound. Simple 


tion between the pouch in the scrotum and the abdominal 
wall. 

The sides and anterior aspect of the testis are covered by 
a closed sac of peritoneum (the tunica vaginalis), which 
originally connected to the abdominal cavity. Normally 
after testicular descent, the connection closes, leaving a 
fibrous remnant. 

Each testis (Fig. 5.46B) is composed of seminiferous 
tubules and interstitial tissue surrounded by a thick con- 
nective tissue capsule (the tunica albuginea). Spermato- 
zoa are produced by the seminiferous tubules. The 400—600 
highly coiled seminiferous tubules are modified at each end 
to become straight tubules, which connect to a collecting 
chamber (the rete testis) in a thick, vertically oriented 
linear wedge of connective tissue (the mediastinum 
testis), projecting from the capsule into the posterior 
aspect of the gonad. Approximately 12—20 efferent duct- 
ules originate from the upper end of the rete testis, pene- 
trate the capsule and connect with the epididymis. 


Epididymis 
The epididymis is a single, long coiled duct that courses 


along the posterolateral side of the testis (Fig. 5.46B). It has 
two distinct components: 


the efferent ductules, which form an enlarged coiled 
mass that sits on the posterior superior pole of the testis 
and forms the head of the epididymis; 

the true epididymis, which is a single, long coiled duct 
into which the efferent ductules all drain, and which 
continues inferiorly along the posterolateral margin of 
the testis as the body of epididymis and enlarges to 
form the tail of epididymis at the inferior pole of the 
testis. 


ultrasound scanning can reveal the extent of the local 
tumor, usually at an early stage. 

Surgical removal of the malignant testis is often carried 
out using an inguinal approach. The testis is not usually 
removed through a scrotal incision because it is possible 
to spread tumor cells into the subcutaneous tissues of the 
scrotum, which has a different lymphatic drainage than 
the testis. 
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Fig. 5.46 Reproductive system in men. A. Overview. 
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Fig. 5.46, cont’d Reproductive system in men. B. Testis and surrounding structures. 


During passage through the epididymis, spermatozoa 
acquire the ability to move and fertilize an egg. The epi- 
didymis also stores spermatozoa until ejaculation. The 
end of the epididymis is continuous with the ductus 
deferens. 


Ductus deferens 


The ductus deferens is a long muscular duct that trans- 
ports spermatozoa from the tail of the epididymis in the 
scrotum to the ejaculatory duct in the pelvic cavity (Fig. 
5.46A). It ascends in the scrotum as a component of the 
spermatic cord and passes through the inguinal canal in 
the anterior abdominal wall. 

After passing through the deep inguinal ring, the ductus 
deferens bends medially around the lateral side of the infe- 
rior epigastric artery and crosses the external iliac artery 
and the external iliac vein at the pelvic inlet to enter the 
pelvic cavity. 

The duct descends medially on the pelvic wall, deep to 
the peritoneum, and crosses the ureter posterior to the 
bladder. It continues inferomedially along the base of the 
bladder, anterior to the rectum, almost to the midline, 


where it is joined by the duct of the seminal vesicle to form 
the ejaculatory duct. 

Between the ureter and ejaculatory duct, the ductus 
deferens expands to form the ampulla of the ductus defer- 
ens. The ejaculatory duct penetrates through the prostate 
gland to connect with the prostatic urethra. 


In the clinic 


Vasectomy 

The ductus deferens transports spermatozoa from the 
tail of the epididymis in the scrotum to the ejaculatory 
duct in the pelvic cavity. Because it has a thick smooth 
muscle wall, it can be easily palpated in the spermatic 
cord between the testes and the superficial inguinal 
ring. Also, because it can be accessed through skin and 
superficial fascia, it is amenable to surgical dissection 
and surgical division. When this is carried out bilaterally 
(vasectomy), the patient is rendered sterile—this is a 
useful method for male contraception. 


Seminal vesicle 


Each seminal vesicle is an accessory gland of the male 
reproductive system that develops as a blind-ended tubular 
outgrowth from the ductus deferens (Fig. 5.46A). The tube 
is coiled with numerous pocket-like outgrowths and is 
encapsulated by connective tissue to form an elongate 
structure situated between the bladder and rectum. The 
gland is immediately lateral to and follows the course of the 
ductus deferens at the base of the bladder. 

The duct of the seminal vesicle joins the ductus deferens 
to form the ejaculatory duct. Secretions from the seminal 
vesicle contribute significantly to the volume of the ejacu- 
late (semen). 


In the clinic 


Prostate problems 

Prostate cancer is one of the most commonly diagnosed 
malignancies in men, and often the disease is advanced at 
diagnosis. Prostate cancer typically occurs in the 
peripheral regions of the prostate and is relatively 
asymptomatic. In many cases, it is diagnosed by a digital 
rectal examination (DRE) and by blood tests, which 
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Prostate 


The prostate is an unpaired accessory structure of the 
male reproductive system that surrounds the urethra in 
the pelvic cavity (Fig. 5.46A). It lies immediately inferior 
to the bladder, posterior to the pubic symphysis, and ante- 
rior to the rectum. 

The prostate is shaped like an inverted rounded cone 
with a larger base, which is continuous above with the 
neck of the bladder, and a narrower apex, which rests 
below on the pelvic floor. The inferolateral surfaces of the 
prostate are in contact with the levator ani muscles that 
together cradle the prostate between them. 


include serum acid phosphatase and serum prostate- 
specific antigen (PSA). In rectal exams, the tumorous 
prostate feels “rock” hard. The diagnosis is usually made 
by obtaining a number of biopsies of the prostate. 
Ultrasound is used during the biopsy procedure to image 
the prostate for the purpose of taking measurements and 
for needle placement (Fig. 5.47). 





Seminal vesicle Rectum Prostate 


Fig. 5.47 Rectal ultrasound imaging of the clinically normal prostate. A. Transverse view. Boundaries of the prostate are indicated by 


arrows. B. Sagittal view. Seminal vesicle also visible. 
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In the clinic—cont’d 


Benign prostatic hypertrophy is a disease of the 
prostate that occurs with increasing age in most men. It 
generally involves the more central regions of the 
prostate, which gradually enlarge. The prostate feels 
“bulky” on digital rectal examination. Owing to the more 
central hypertrophic change of the prostate, the urethra is 
compressed, and a urinary outflow obstruction develops 
in a number of patients. With time, the bladder may 
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become hypertrophied in response to the urinary outflow 
obstruction. In some male patients, the obstruction 
becomes so severe that urine cannot be passed and 
transurethral or suprapubic catheterization is necessary. 
Despite being a benign disease, benign prostatic 
hypertrophy can therefore have a marked effect on the 
daily lives of many patients (Fig. 5.48). 
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Fig. 5.48 Axial T2-weighted magnetic resonance images of prostate problems. A. A small prostatic cancer in the peripheral zone of a 


normal-sized prostate. B. Benign prostatic hypertrophy. 


The prostate develops as 30-40 individual complex 
glands, which grow from the urethral epithelium into 
the surrounding wall of the urethra. Collectively, these 
glands enlarge the wall of the urethra into what is 
known as the prostate; however, the individual glands 
retain their own ducts, which empty independently into 
the prostatic sinuses on the posterior aspect of the ure- 
thral lumen. 

Secretions from the prostate, together with secretions 
from the seminal vesicles, contribute to the formation of 
semen during ejaculation. 

The ejaculatory ducts pass almost vertically in an 
anteroinferior direction through the posterior aspect of the 
prostate to open into the prostatic urethra. 


Bulbourethral glands 


The bulbourethral glands (see Fig. 5.46A), one on each 
side, are small, pea-shaped mucous glands situated within 
the deep perineal pouch. They are lateral to the membra- 
nous part of the urethra. The duct from each gland passes 
inferomedially through the perineal membrane, to open 
into the bulb of the spongy urethra at the root of the 
penis. 

Together with small glands positioned along the length 
of the spongy urethra, the bulbourethral glands contribute 
to lubrication of the urethra and the pre-ejaculatory emis- 
sion from the penis. 
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Fig. 5.49 Reproductive system in women. 


In women = an ovary on each side; and 

The reproductive tract in women is contained mainly in = a uterus, vagina, and clitoris in the midline (Fig. 
the pelvic cavity and perineum, although during preg- 5.49). 

nancy, the uterus expands into the abdomen cavity. Major 

components of the system consist of: In addition, a pair of accessory glands (the greater ves- 


tibular glands) are associated with the tract. 
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Fig. 5.50 Ovaries and broad ligament. 


Ovaries 


Like the testes in men, the ovaries develop high on the 
posterior abdominal wall and then descend before birth, 
bringing with them their vessels, lymphatics, and nerves. 
Unlike the testes, the ovaries do not migrate through the 
inguinal canal into the perineum, but stop short and 
assume a position on the lateral wall of the pelvic cavity 
(Fig. 5.50). 
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The ovaries are the sites of egg production (oogenesis). 
Mature eggs are ovulated into the peritoneal cavity and 
normally directed into the adjacent openings of the uterine 
tubes by cilia on the ends of the uterine tubes. 

The ovaries lie adjacent to the lateral pelvic wall just 
inferior to the pelvic inlet. Each of the two almond-shaped 
ovaries is about 3 cm long and is suspended by a mesentery 
(the mesovarium) that is a posterior extension of the 
broad ligament. 


In the clinic 


Ovarian cancer 

Ovarian cancer remains one of the major challenges in 
oncology. The ovaries contain numerous cell types, all of 
which can undergo malignant change and require 
different imaging and treatment protocols and ultimately 
have different prognoses. 

Ovarian tumors most commonly originate from the 
surface epithelium that covers the ovary and is continuous 
at a sharp transition zone with the peritoneum of the 
mesovarium. 

Many factors have been linked with the development 
of ovarian tumors, including a strong family history. 

Ovarian cancer may occur at any age, but more 
typically it occurs in older women. 

Cancer of the ovaries may spread via the blood and 
lymphatics, and frequently metastasizes directly into the 
peritoneal cavity. Such direct peritoneal cavity spread 
allows the passage of tumor cells along the paracolic 
gutters and over the liver from where this disease may 
disseminate easily. Unfortunately, many patients already 
have metastatic and diffuse disease (Fig. 5.51) at the time 
of diagnosis. 


In the clinic 


Imaging the ovary 

The ovaries can be visualized using ultrasound. If the 
patient drinks enough water, the bladder becomes 
enlarged and full. This fluid-filled cavity provides an 
excellent acoustic window, behind which the uterus 
and ovaries may be identified by transabdominal 
scanning with ultrasound. This technique allows 
obstetricians and technicians to view a fetus and record 
its growth throughout pregnancy. 

Some patients are not suitable for transabdominal 
scanning, in which case a probe may be passed into the 
vagina, permitting close visualization of the uterus, the 
contents of the recto-uterine pouch (pouch of Douglas), 
and the ovaries. The ovaries can also be visualized 
laparoscopically. 


Uterus 


The uterus is a thick-walled muscular organ in the midline 
between the bladder and rectum (see Fig. 5.50). It consists 
of a body and a cervix, and inferiorly it joins the vagina 
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Fig. 5.51 Sagittal magnetic resonance image demonstrating 
ovarian cancer. 


(Fig. 5.52). Superiorly, uterine tubes project laterally from 
the uterus and open into the peritoneal cavity immediately 
adjacent to the ovaries. 

The body of the uterus is flattened anteroposteriorly 
and, above the level of origin of the uterine tubes (Fig. 
5.52), has a rounded superior end (fundus of uterus). 
The cavity of the body of the uterus is a narrow slit, when 
viewed laterally, and is shaped like an inverted triangle, 
when viewed anteriorly. Each of the superior corners of the 
cavity is continuous with the lumen of a uterine tube; 
the inferior corner is continuous with the central canal of 
the cervix. 

Implantation of the blastocyst normally occurs in the 
body of the uterus. During pregnancy, the uterus dramati- 
cally expands superiorly into the abdominal cavity. 


Uterine tubes 


The uterine tubes extend from each side of the superior 
end of the body of the uterus to the lateral pelvic wall and 
are enclosed within the upper margins of the mesosalpinx 
portions of the broad ligaments (see p. 460). Because the 
ovaries are suspended from the posterior aspect of the 
broad ligaments, the uterine tubes pass superiorly over, 
and terminate laterally to, the ovaries. 
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Each uterine tube has an expanded trumpet-shaped end 
(the infundibulum), which curves around the superolat- 
eral pole of the related ovary (Fig. 5.53). The margin of the 
infundibulum is rimmed with small finger-like projections 
termed fimbriae. The lumen of the uterine tube opens into 
the peritoneal cavity at the narrowed end of the infundibu- 
lum. Medial to the infundibulum, the tube expands to form 
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Fig. 5.52 Uterus. Anterior view. The anterior half of the uterus 


and vagina have been cut away. 
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the ampulla and then narrows to form the isthmus, 
before joining with the body of the uterus. 

The fimbriated infundibulum facilitates the collection of 
ovulated eggs from the ovary. Fertilization normally occurs 
in the ampulla. 


In the clinic 


Hysterectomy 

A hysterectomy is the surgical removal of the uterus. 
This is usually complete excision of the body, fundus, 
and cervix of the uterus, though occasionally the cervix 
may be left in situ. In some instances the uterus is 
removed including the uterine (fallopian) tubes and the 
ovaries. This procedure is called a total abdominal 
hysterectomy and bilateral salpingo-oophorectomy. 

Hysterectomy, oophorectomy, and salpingo- 
oophorectomy may be performed in patients who have 
reproductive malignancy, such as uterine, cervical, and 
ovarian cancers. Other indications include strong family 
history of reproductive disorders, endometriosis, and 
excessive bleeding. Occasionally the uterus may need to 
be removed postpartum because of excessive 
postpartum bleeding. 

A hysterectomy is performed through a transverse 
suprapubic incision (Pfannenstiel’s incision). During the 
procedure tremendous care is taken to identify the 
distal ureters and to ligate the nearby uterine arteries 
without damage to the ureters. 


Opening of the 
uterine tube 






Infundibulum 


|— Fimbriae 


In the clinic 


Tubal ligation 

After ovulation, the unfertilized egg is gathered by the 
fimbriae of the uterine tube. The egg passes into the 
uterine tube where it is normally fertilized in the 
ampulla. The zygote then begins development and 
passes into the uterine cavity where it implants in the 
uterine wall. 

A simple and effective method of birth control is to 
surgically ligate (clip) the uterine tubes, preventing 
spermatozoa from reaching ova. This simple short 
procedure is performed under general anesthetic. A 
small laparoscope is passed into the peritoneal cavity 
and special equipment is used to identify the tubes. 
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Fig. 5.54 Uterus and vagina. A. Angles of anteflexion and 
anteversion. B. The cervix protrudes into the vagina. 
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Cervix 


The cervix forms the inferior part of the uterus and is 
shaped like a short, broad cylinder with a narrow central 
channel. The body of the uterus normally arches forward 
(anteflexed on the cervix) over the superior surface of the 
emptied bladder (Fig. 5.54A). In addition, the cervix is 
angled forward (anteverted) on the vagina so that the infe- 


In the clinic 


Carcinoma of the cervix and uterus 

Carcinoma of the cervix (Fig. 5.55) and uterus is a 
common disease in women. Diagnosis is by inspection, 
cytology (examination of the cervical cells), imaging, 
biopsy, and dilatation and curettage (D&C) of the 
uterus. 


Carcinoma of the cervix and uterus may be treated 
by local resection, removal of the uterus (hysterectomy), 
and adjuvant chemotherapy. The tumor spreads via 
lymphatics to the internal and common iliac lymph 
nodes. 





Fig. 5.55 Picture taken through a speculum inserted into the 
vagina demonstrating cervical cancer. See Fig. 5.84E for a view 
of the normal cervix. 
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rior end of the cervix projects into the upper anterior aspect 
of the vagina. Because the end of the cervix is dome shaped, 
it bulges into the vagina, and a gutter, or fornix, is formed 
around the margin of the cervix where it joins the vaginal 
wall (Fig. 5.54B). The tubular central canal of the cervix 
opens, below, as the external os, into the vaginal cavity 
and, above, as the internal os, into the uterine cavity. 


Vagina 


The vagina is the copulatory organ in women. It is a dis- 
tensible fibromuscular tube that extends from the perineum 
through the pelvic floor and into the pelvic cavity (Fig. 
5.56A). The internal end of the canal is enlarged to form a 
region called the vaginal vault. 

The anterior wall of the vagina is related to the base of 
the bladder and to the urethra; in fact, the urethra is 
embedded in, or fused to, the anterior vaginal wall. 

Posteriorly, the vagina is related principally to the rectum. 

Inferiorly, the vagina opens into the vestibule of the 
perineum immediately posterior to the external opening of 
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Fig. 5.56 Vagina. A. Left half of pelvis cut away. B. Vaginal fornices 
and cervix as viewed through a speculum. 


the urethra. From its external opening (the introitus), the 
vagina courses posterosuperiorly through the perineal 
membrane and into the pelvic cavity, where it is attached 
by its anterior wall to the circular margin of the cervix. 

The vaginal fornix is the recess formed between the 
margin of the cervix and the vaginal wall. Based on posi- 
tion, the fornix is subdivided into a posterior fornix, an 
anterior fornix, and two lateral fornices (Fig. 5.56A and 
see Fig. 5.54). 

The vaginal canal is normally collapsed so that the 
anterior wall is in contact with the posterior wall. By using 
a speculum to open the vaginal canal, a physician can see 
the domed inferior end of the cervix, the vaginal fornices, 
and the external os of the cervical canal in a patient 
(Fig. 5.56B). 

During intercourse, semen is deposited in the vaginal 
vault. Spermatozoa make their way into the external os of 
the cervical canal, pass through the cervical canal into the 
uterine cavity, and then continue through the uterine 
cavity into the uterine tubes where fertilization normally 
occurs in the ampulla. 


Fascia 


Fascia in the pelvic cavity lines the pelvic walls, surrounds 
the bases of the pelvic viscera, and forms sheaths around 
blood vessels and nerves that course medially from the 
pelvic walls to reach the viscera in the midline. This pelvic 
fascia is a continuation of the extraperitoneal connective 
tissue layer found in the abdomen. 


In women 


In women, a rectovaginal septum separates the poste- 
rior surface of the vagina from the rectum (Fig. 5.57A). 
Condensations of fascia form ligaments that extend from 
the cervix to the anterior (pubocervical ligament), 
lateral (transverse cervical or cardinal ligament), and 
posterior (uterosacral ligament) pelvic walls. These liga- 
ments, together with the perineal membrane, the levator 
ani muscles, and the perineal body, are thought to stabilize 
the uterus in the pelvic cavity. The most important of these 
ligaments are the transverse cervical or cardinal ligaments, 
which extend laterally from each side of the cervix and 
vaginal vault to the related pelvic wall. 


In men 


In men, a condensation of fascia around the anterior and 
lateral region of the prostate (prostatic fascia) contains 
and surrounds the prostatic plexus of veins and is continu- 
ous posteriorly with the rectovesical septum, which 
separates the posterior surface of the prostate and base of 
the bladder from the rectum (Fig. 5.57B). 
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Fig. 5.57 Pelvic fascia. A. In women. B. In men. 
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Peritoneum 


The peritoneum of the pelvis is continuous at the pelvic 
inlet with the peritoneum of the abdomen. In the pelvis, 
the peritoneum drapes over the pelvic viscera in the 
midline, forming: 


pouches between adjacent viscera; and 
folds and ligaments between viscera and pelvic walls. 


Anteriorly, median and medial umbilical folds of perito- 
neum cover the embryological remnants of the urachus 
and umbilical arteries, respectively (Fig. 5.58). These folds 
ascend out of the pelvis and onto the anterior abdominal 
wall. Posteriorly, peritoneum drapes over the anterior and 
lateral aspects of the upper third of the rectum, but only 
the anterior surface of the middle third of the rectum is 
covered by peritoneum; the lower third of the rectum is not 
covered at all. 


In women 


In women, the uterus lies between the bladder and rectum, 
and the uterine tubes extend from the superior aspect of 
the uterus to the lateral pelvic walls (Fig. 5.58A). As a 
consequence, a shallow vesico-uterine pouch occurs 
anteriorly, between the bladder and uterus, and a deep 
recto-uterine pouch (pouch of Douglas) occurs posteri- 
orly, between the uterus and rectum. In addition, a large 
fold of peritoneum (the broad ligament), with a uterine 
tube enclosed in its superior margin and an ovary attached 
posteriorly, is located on each side of the uterus and extends 
to the lateral pelvic walls. 

In the midline, the peritoneum descends over the poste- 
rior surface of the uterus and cervix and onto the vaginal 
wall adjacent to the posterior vaginal fornix. It then reflects 
onto the anterior and lateral walls of the rectum. The deep 
pouch of peritoneum formed between the anterior surface 
of the rectum and posterior surfaces of the uterus, cervix, 
and vagina is the recto-uterine pouch. A sharp sickle- 
shaped ridge of peritoneum (recto-uterine fold) occurs 
on each side near the base of the recto-uterine pouch. The 
recto-uterine folds overlie the uterosacral ligaments, 
which are condensations of pelvic fascia that extend from 
the cervix to the posterolateral pelvic walls. 


In the clinic 


The recto-uterine pouch 

The recto-uterine pouch (pouch of Douglas) is an 
extremely important clinical region situated between 
the rectum and uterus. When the patient is in the 
supine position, the recto-uterine pouch is the lowest 
portion of the abdominopelvic cavity and is a site where 
infection and fluids typically collect. It is impossible to 
palpate this region transabdominally, but it can be 
examined by transvaginal and transrectal digital 
palpation. If an abscess is suspected, it may be drained 
through the vagina or the rectum without necessitating 
transabdominal surgery. 


Broad ligament 


The broad ligament is a sheet-like fold of peritoneum, 
oriented in the coronal plane that runs from the lateral 
pelvic wall to the uterus, and encloses the uterine tube in 
its superior margin and suspends the ovary from its poste- 
rior aspect (Fig. 5.58). The uterine arteries cross the ureters 
at the base of the broad ligaments, and the ligament of the 
ovary and round ligament of the uterus are enclosed within 
the parts of the broad ligament related to the ovary and 
uterus, respectively. The broad ligament has three parts: 


the mesometrium, the largest part of the broad liga- 
ment, which extends from the lateral pelvic walls to the 
body of the uterus; 

the mesosalpinx, the most superior part of the broad 
ligament, which suspends the uterine tube in the pelvic 
cavity; and 

the mesovarium, a posterior extension of the broad liga- 
ment, which attaches to the ovary. 


The peritoneum of the mesovarium becomes firmly 
attached to the ovary as the surface epithelium of the 
ovary. The ovaries are positioned with their long axis in the 
vertical plane. The ovarian vessels, nerves, and lymphatics 
enter the superior pole of the ovary from a lateral position 
and are covered by another raised fold of peritoneum, 
which with the structures it contains forms the suspen- 
sory ligament of ovary (infundibulopelvic ligament). 

The inferior pole of the ovary is attached to a fibromus- 
cular band of tissue (the ligament of ovary), which 
courses medially in the margin of the mesovarium to the 
uterus and then continues anterolaterally as the round 
ligament of uterus (Fig. 5.58). The round ligament of 
uterus passes over the pelvic inlet to reach the deep ingui- 
nal ring and then courses through the inguinal canal to 
end in connective tissue related to the labium majus in the 
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Fig. 5.58 Peritoneum in the pelvis. A. In women. 
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Fig. 5.58, cont’d Peritoneum in the pelvis. B. In men. 


perineum. Both the ligament of ovary and the round liga- Nerves 

ment of uterus are remnants of 13% a Wi Somatic pl exuses 

attaches the gonad to the labioscrotal swellings in the 

EEA Sacral and coccygeal plexuses 

The sacral and coccygeal plexuses are situated on the pos- 
In men terolateral wall of the pelvic cavity and generally occur in the 
In men, the visceral peritoneum drapes over the top of plane between the muscles and blood vessels. They are 
the bladder onto the superior poles of the seminal vesicles formed by the ventral rami of S1 to Co, with a significant 
and then reflects onto the anterior and lateral surfaces of contribution from L4 and L5, which enter the pelvis from the 
the rectum (Fig. 5.58B). A rectovesical pouch occurs lumbar plexus (Fig. 5.59). Nerves from these mainly somatic 

462 between the bladder and rectum. plexuses contribute to the innervation of the lower limb and 
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Fig. 5.59 Sacral and coccygeal plexuses. 


muscles of the pelvis and perineum. Cutaneous branches 
supply skin over the medial side of the foot, the posterior 
aspect of the lower limb, and most of the perineum. 


Sacral plexus 


The sacral plexus on each side is formed by the anterior 
rami of S1 to S4, and the lumbosacral trunk (L4 and L5) 
(Fig. 5.60). The plexus is formed in relation to the anterior 
surface of the piriformis muscle, which is part of the pos- 
terolateral pelvic wall. Sacral contributions to the plexus 
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pass out of the anterior sacral foramina and course later- 
ally and inferiorly on the pelvic wall. The lumbosacral 
trunk, consisting of part of the anterior ramus of L4 and all 
of the anterior ramus of L5, courses vertically into the 
pelvic cavity from the abdomen by passing immediately 
anterior to the sacro-iliac joint. 

Gray rami communicantes from ganglia of the sympa- 
thetic trunk connect with each of the anterior rami and carry 
postganglionic sympathetic fibers destined for the periphery 
to the somatic nerves (Fig. 5.61). In addition, special visceral 
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Fig. 5.60 Components and branches of the sacral and coccygeal plexuses. 


nerves (pelvic splanchnic nerves) originating from S2 to 
S4 deliver preganglionic parasympathetic fibers to the pelvic 
part of the prevertebral plexus (Fig. 5.62). 

Each anterior ramus has ventral and dorsal divisions 
that combine with similar divisions from other levels to 
form terminal nerves (see Fig. 5.60). The anterior ramus 
of S4 has only a ventral division. 

Branches of the sacral plexus include the sciatic nerve 
and gluteal nerves, which are major nerves of the lower 
limb, and the pudendal nerve, which is the nerve of the 
perineum (Table 5.4). Numerous smaller branches supply 

464 the pelvic wall, floor, and lower limb. 


Most nerves originating from the sacral plexus leave the 
pelvic cavity by passing through the greater sciatic foramen 
inferior to piriformis muscle, and enter the gluteal region 
of the lower limb. Other nerves leave the pelvic cavity using 
different routes; a few nerves do not leave the pelvic cavity 
and course directly into the muscles in the pelvic cavity. 
Finally, two nerves that leave the pelvic cavity through the 
greater sciatic foramen loop around the ischial spine and 
sacrospinous ligament and pass medially through the 
lesser sciatic foramen to supply structures in the perineum 
and lateral pelvic wall. 
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Fig. 5.61 Sympathetic trunks in the pelvis. 


Sciatic nerve. The sciatic nerve is the largest nerve of the = innervates muscles in the posterior compartment of the 


body and carries contributions from L4 to S3 (Figs. 5.59 thigh and muscles in the leg and foot; and 
and 5.60). It: = carries sensory fibers from the skin of the foot and lateral 


leg. 


Pudendal nerve. The pudendal nerve forms anteriorly to 
the lower part of piriformis muscle from ventral divisions 
of S2 to S4 (Figs. 5.59 and 5.60). It: 


= forms on the anterior surface of the piriformis muscle 
and leaves the pelvic cavity through the greater sciatic 
foramen inferior to piriformis; 

= passes through the gluteal region into the thigh, where 


it divides into its two major branches, the common = leaves the pelvic cavity through the greater sciatic 


fibular nerve (common peroneal nerve) and the tibial 
nerve—dorsal divisions of L4, L5, S1, and S2 are carried 
in the common fibular part of the nerve and the ventral 
divisions of L4, L5, S1, S2, and S3 are carried in the 
tibial part; 


foramen, inferior to the piriformis muscle, and enters 
the gluteal region; 

courses into the perineum by immediately passing 
around the sacrospinous ligament, where the ligament 
joins the ischial spine, and through the lesser sciatic 
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In the clinic 


Pudendal block 

Pudendal block anesthesia is performed to relieve the 
pain associated with childbirth. The injection is usually 
given where the pudendal nerve crosses the lateral 
aspect of the sacrospinous ligament near its attachment 
to the ischial spine. During childbirth, a finger inserted 
into the vagina can palpate the ischial spine. The needle 
is passed transcutaneously to the medial aspect of the 
ischial soine and around the sacrospinous ligament. 
Infiltration is performed and the perineum is 
anesthetized. 


foramen (this course takes the nerve out of the pelvic 
cavity, around the peripheral attachment of the pelvic 
floor, and into the perineum); 

is accompanied throughout its course by the internal 
pudendal vessels; and 

innervates skin and skeletal muscles of the perineum, 
including the external anal and external urethral 
sphincters. 


Other branches of the sacral plexus. Other branches of the 
sacral plexus include: 


motor branches to muscles of the gluteal region, pelvic 
wall, and pelvic floor (superior and inferior gluteal 
nerves, nerve to obturator internus and superior gemel- 
lus, nerve to quadratus femoris and inferior gemellus, 
nerve to piriformis, nerves to levator ani); and 

sensory nerves to skin over the inferior gluteal region 
and posterior aspects of the thigh and upper leg (perfo- 
rating cutaneous nerve and posterior cutaneous nerve 
of the thigh) (Figs. 5.59 and 5.60). 


The superior gluteal nerve, formed by branches from 
the dorsal divisions of L4 to S1, leaves the pelvic cavity 
through the greater sciatic foramen superior to piriformis 
muscle and supplies muscles in the gluteal region—gluteus 
medius, gluteus minimus, and tensor fasciae latae 
(tensor of fascia lata) muscles. 

The inferior gluteal nerve, formed by branches from 
the dorsal divisions of L5 to S2, leaves the pelvic cavity 
through the greater sciatic foramen inferior to the pirifor- 
mis muscle and supplies the gluteus maximus, the largest 
muscle in the gluteal region. 


Both superior and inferior gluteal nerves are accompa- 
nied by corresponding arteries. 

The nerve to the obturator internus and the associ- 
ated superior gemellus muscle originates from the 
ventral divisions of L5 to S2 and leaves the pelvic cavity 
through the greater sciatic foramen inferior to the pirifor- 
mis muscle. Like the pudendal nerve, it passes around the 
ischial spine and through the lesser sciatic foramen to 
enter the perineum and supply the obturator internus 
muscle from the medial side of the muscle, inferior to the 
attachment of the levator ani muscle. 

The nerve to the quadratus femoris muscle and the 
inferior gemellus muscle, and the posterior cutaneous 
nerve of the thigh (posterior femoral cutaneous 
nerve) also leave the pelvic cavity through the greater 
sciatic foramen inferior to the piriformis muscle and course 
to muscles and skin, respectively, in the lower limb. 

Unlike most of the other nerves originating from the 
sacral plexus, which leave the pelvic cavity through the 
greater sciatic foramen either above or below the piriformis 
muscle, the perforating cutaneous nerve leaves the 
pelvic cavity by penetrating directly through the sacrotu- 
berous ligament and then courses to skin over the inferior 
aspect of the buttocks. 

The nerve to the piriformis and a number of small 
nerves to the levator ani and coccygeus muscles originate 
from the sacral plexus and pass directly into their target 
muscles without leaving the pelvic cavity. 

The obturator nerve (L2 to L4)isabranch of the lumbar 
plexus. It passes inferiorly along the posterior abdominal 
wall within the psoas muscle, emerges from the medial 
surface of the psoas, passes posteriorly to the common iliac 
artery and medially to the internal artery at the pelvic inlet, 
and then courses along the lateral pelvic wall. It leaves the 
pelvic cavity by traveling through the obturator canal and 
supplies the adductor region of the thigh. 


Coccygeal plexus 


The small coccygeal plexus has a minor contribution from 
S4 and is formed mainly by the anterior rami of S5 and Co, 
which originate inferiorly to the pelvic floor. They pene- 
trate the coccygeus muscle to enter the pelvic cavity and 
join with the anterior ramus of S4 to form a single trunk, 
from which small anococcygeal nerves originate (Table 
5.4). These nerves penetrate the muscle and the overlying 
sacrospinous and sacrotuberous ligaments and pass super- 
ficially to innervate skin in the anal triangle of the 
perineum. 





Table 5.4 Branches of the sacral and coccygeal plexuses (spinal segments in parentheses do not consistently participate) 











Branch 
SACRAL PLEXUS 
Sciatic Spinal segments 
L4 to S3 
Tibial part 
L4 to S2 
S 
Common fibular part 
S2 to S4 
Pudendal 
L4 to S1 
T 
Superior gluteal 
? L5 to S2 
) 
Inferior gluteal 
L5 to $52 





Nerve to obturator internus and 
superior gemellus 


Motor function 
All muscles in the posterior or hamstring compartment of the thigh (including the 
hamstring part of the adductor magnus) except for the short head of the biceps 


All muscles in the posterior compartment of the leg 
All muscles in the sole of the foot 


Sensory (cutaneous) function 
Skin on posterolateral and medial surfaces of foot and sole of foot 


Motor function 
Short head of biceps in the posterior compartment of the thigh 


All muscles in the anterior and lateral compartments of the leg 


Extensor digitorum brevis in the foot (also contributes to the supply of the first dorsal 
interosseous muscle) 


Sensory (cutaneous) function 
Skin on the anterolateral surface of the leg and dorsal surface of the foot 


Motor function 

Skeletal muscles in the perineum including the external urethral and anal sphincters 
and levator ani (overlaps in supply of the levator ani and external sphincter with 
branches directly from ventral division of $4) 


Sensory (cutaneous) function 
Most skin of the perineum. Penis and clitoris 


Motor function 
Gluteus medius, gluteus minimus, and tensor fasciae latae 


Motor function 
Gluteus maximus 


Motor function 
Obturator internus and superior gemellus 
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Table 5.4 Branches of the sacral and coccygeal plexuses (spinal segments in parentheses do not consistently participate)—cont'd 

















SA 
Branch 
L4 to S1 
Nerve to quadratus femoris and 
inferior gemellus 
SIMS 
Posterior femoral cutaneous 
(posterior cutaneous nerve of 
thigh) 
S253 
= 
Perforating cutaneous 
(5), S152 
S4 
Nerves to levator ani, coccygeus, 
and external anal sphincter 
Pelvic splanchnic nerves $2, $3 (4) 
COCCYGEAL PLEXUS 
a S4 to Co 
JO 


Anococcygeal nerves 


Motor function 
Quadratus femoris and inferior gemellus 


Sensory (cutaneous) function 
Skin on the posterior aspect of the thigh 


Sensory (cutaneous) function 
Skin over gluteal fold (overlaps with posterior femoral cutaneous) 


Motor function 
Piriformis muscle 


Motor function 
Levator ani, coccygeus, and external anal sphincter. (Overlaps with pudendal nerve) 


Sensory (cutaneous) function 
Small patch of skin between anus and coccyx 


Motor (visceral) function 
Visceral motor (preganglionic parasympathetic) to pelvic part of prevertebral plexus 


Stimulate erection, modulate mobility in gastrointestinal system distal to the left colic 
flexure, inhibitory to internal urethral sphincter 


Sensory (visceral) function 
Visceral afferents from pelvic viscera and distal parts of colon. Pain from cervix and 
possibly from bladder and proximal urethra 


Sensory (cutaneous) function 


Perianal skin 


Visceral plexuses 
Paravertebral sympathetic chain 


The paravertebral part of the visceral nervous system is 
represented in the pelvis by the inferior ends of the sympa- 
thetic trunks (Fig. 5.62A). Each trunk enters the pelvic 
cavity from the abdomen by passing over the ala of the 
sacrum medially to the lumbosacral trunks and posteriorly 
to the iliac vessels. The trunks course inferiorly along the 
anterior surface of the sacrum, where they are positioned 
medially to the anterior sacral foramina. Four ganglia 
occur along each trunk. Anteriorly to the coccyx, the two 
trunks join to form a single small terminal ganglion (the 
ganglion impar). 

The principal function of the sympathetic trunks in the 
pelvis is to deliver postganglionic sympathetic fibers to the 
anterior rami of sacral nerves for distribution to the periph- 


A 
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ery, mainly to parts of the lower limb and perineum. This 
is accomplished by gray rami communicantes, which 
connect the trunks to the sacral anterior rami. 

In addition to gray rami communicantes, other branches 
(the sacral splanchnic nerves) join and contribute to the 
pelvic part of the prevertebral plexus associated with inner- 
vating pelvic viscera. 


Pelvic extensions of the 
prevertebral plexus 


The pelvic parts of the prevertebral plexus carry sympa- 
thetic, parasympathetic, and visceral afferent fibers (Fig. 
5.62A). Pelvic parts of the plexus are associated with inner- 
vating pelvic viscera and erectile tissues of the perineum. 
The prevertebral plexus enters the pelvis as two hypo- 
gastric nerves, one on each side, that cross the pelvic inlet 
medially to the internal iliac vessels. The hypogastric 
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Fig. 5.62 Pelvic extensions of the prevertebral plexus. A. Anterior view. 
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Fig. 5.62, cont’d Pelvic extensions of the prevertebral plexus. B. Anteromedial view of right side of plexus. 


nerves are formed by the separation of the fibers in the 
superior hypogastric plexus, into right and left bundles. 
The superior hypogastric plexus is situated anterior to ver- 
tebra LV between the promontory of the sacrum and the 
bifurcation of the aorta. 

When the hypogastric nerves are joined by pelvic 
splanchnic nerves carrying preganglionic parasympathetic 


fibers from S2 to S4, the pelvic plexuses (inferior hypo- 
gastric plexuses) are formed (Fig. 5.62). The inferior 
hypogastric plexuses, one on each side, course in an infe- 
rior direction around the pelvic walls, medially to major 
vessels and somatic nerves. They give origin to the follow- 
ing subsidiary plexuses, which innervate the pelvic 


viscera: 


the rectal plexus; 

the uterovaginal plexus; 
the prostatic plexus; and 
the vesical plexus. 


Terminal branches of the inferior hypogastric plexuses 
penetrate and pass through the deep perineal pouch and 
innervate erectile tissues of the penis and the clitoris in the 
perineum (Fig. 5.62B). In men, these nerves, called cav- 
ernous nerves, are extensions of the prostatic plexus. The 
pattern of distribution of similar nerves in women is not 
entirely clear, but they are likely extensions of the utero- 
vaginal plexus. 


Sympathetic fibers 


Sympathetic fibers enter the inferior hypogastric plexuses 
from the hypogastric nerves and from branches (sacral 
splanchnic nerves) of the upper sacral parts of the sym- 
pathetic trunks (Fig. 5.62A). Ultimately, these nerves are 
derived from preganglionic fibers that leave the spinal 
cord in the anterior roots, mainly of T10 to L2. These 
fibers: 


innervate blood vessels; 

cause contraction of smooth muscle in the internal ure- 
thral sphincter in men and the internal anal sphincters 
in both men and women; 

cause smooth muscle contraction associated with the 
reproductive tract and with the accessory glands of the 
reproductive system; and 

are important in moving secretions from the epididymis 
and associated glands into the urethra to form semen 
during ejaculation. 


Parasympathetic fibers 


Parasympathetic fibers enter the pelvic plexus in pelvic 
splanchnic nerves that originate from spinal cord levels S2 
to S4 (Fig. 5.62A). They: 


are generally vasodilatory; 

stimulate bladder contraction; 

stimulate erection; and 

modulate activity of the enteric nervous system of the 
colon distal to the left colic flexure (in addition to pelvic 
viscera, some of the fibers from the pelvic plexus course 
superiorly in the prevertebral plexus, or as separate 
nerves, and pass into the inferior mesenteric plexus of 
the abdomen). 


Visceral afferent fibers 


Visceral afferent fibers follow the course of the sympathetic 
and parasympathetic fibers to the spinal cord. Afferent 
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fibers that enter the cord in lower thoracic levels and 
lumbar levels with sympathetic fibers generally carry pain; 
however, pain fibers from the cervix and some pain fibers 
from the bladder and urethra may accompany parasympa- 
thetic nerves to sacral levels of the spinal cord. 


In the clinic 


Prostatectomy and impotence 
It may be necessary to perform radical surgery to cure 
cancer of the prostate. To do this, the prostate and its 
attachments around the base of the bladder, including 
the seminal vesicles, must be removed en masse. Parts 
of the inferior hypogastric plexus in this region give rise 
to nerves that innervate the erectile tissues of the penis. 
Impotence may occur if these nerves cannot or are not 
preserved during removal of the prostate. 

For the same reasons, women may experience sexual 
dysfunction if similar nerves are damaged during pelvic 
surgery, for example, during a total hysterectomy. 


Blood vessels 
Arteries 


The major artery of the pelvis and perineum is the internal 
iliac artery on each side (Fig. 5.63). In addition to provid- 
ing a blood supply to most of the pelvic viscera, pelvic walls 
and floor, and structures in the perineum, including erec- 
tile tissues of the clitoris and the penis, this artery gives rise 
to branches that follow nerves into the gluteal region of the 
lower limb. Other vessels that originate in the abdomen 
and contribute to the supply of pelvic structures include 
the median sacral artery and, in women, the ovarian 
arteries. 


Internal iliac artery 


The internal iliac artery originates from the common iliac 
artery on each side, approximately at the level of the inter- 
vertebral disc between LV and SI and lies anteromedial to 
the sacro-iliac joint (Fig. 5.63). The vessel courses inferi- 
orly over the pelvic inlet, then divides into anterior and 
posterior trunks at the level of the superior border of the 
greater sciatic foramen. Branches from the posterior trunk 
contribute to the supply of the lower posterior abdominal 
wall, the posterior pelvic wall, and the gluteal region. 
Branches from the anterior trunk supply the pelvic viscera, 
the perineum, the gluteal region, the adductor region of 
the thigh, and, in the fetus, the placenta. 
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Posterior trunk 


Branches of the posterior trunk of the internal iliac artery 
are the iliolumbar artery, the lateral sacral artery, and the 
superior gluteal artery (Fig. 5.63). 


= The iliolumbar artery ascends laterally back out of 
the pelvic inlet and divides into a lumbar branch and 
an iliac branch. The lumbar branch contributes to the 
supply of the posterior abdominal wall, psoas, quadra- 
tus lumborum muscles, and cauda equina, via a small 
spinal branch that passes through the intervertebral 
foramen between LV and SI. The iliac branch passes 
laterally into the iliac fossa to supply muscle and 
bone. 

= The lateral sacral arteries, usually two, originate 
from the posterior division of the internal iliac artery 
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Fig. 5.63 Branches of the posterior trunk of the internal iliac artery. 


and course medially and inferiorly along the poste- 
rior pelvic wall. They give rise to branches that pass 
into the anterior sacral foramina to supply related 
bone and soft tissues, structures in the vertebral 
(sacral) canal, and skin and muscle posterior to the 
sacrum. 

The superior gluteal artery is the largest branch of 
the internal iliac artery and is the terminal continua- 
tion of the posterior trunk. It courses posteriorly, usually 
passing between the lumbosacral trunk and anterior 
ramus of S1, to leave the pelvic cavity through the 
greater sciatic foramen above the piriformis muscle and 
enter the gluteal region of the lower limb. This vessel 
makes a substantial contribution to the blood supply of 
muscles and skin in the gluteal region and also supplies 
branches to adjacent muscles and bones of the pelvic 
walls. 
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Branches of the anterior trunk of the internal iliac artery 
include the superior vesical artery, the umbilical artery, 
the inferior vesical artery, the middle rectal artery, the 
uterine artery, the vaginal artery, the obturator artery, the 
internal pudendal artery, and the inferior gluteal artery 
(Fig. 5.64). 


= The first branch of the anterior trunk is the umbilical 
artery, which gives origin to the superior vesical artery, 
then travels forward just inferior to the margin of the 
pelvic inlet. Anteriorly, the vessel leaves the pelvic 
cavity and ascends on the internal aspect of the anterior 
abdominal wall to reach the umbilicus. In the fetus, the 
umbilical artery is large and carries blood from the fetus 
to the placenta. After birth, the vessel closes distally to 
the origin of the superior vesical artery and eventually 
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Fig. 5.64 Branches of the anterior trunk of the internal iliac artery. A. Male. 
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becomes a solid fibrous cord. On the anterior abdominal 
wall, the cord raises a fold of peritoneum termed 
the medial umbilical fold. The fibrous remnant of 
the umbilical artery itself is the medial umbilical 
ligament. 

The superior vesical artery normally originates from 
the root of the umbilical artery and courses medially 
and inferiorly to supply the superior aspect of the 
bladder and distal parts of the ureter. In men, it also 
may give rise to an artery that supplies the ductus 
deferens. 

The inferior vesical artery occurs in men and sup- 
plies branches to the bladder, ureter, seminal vesicle, 
and prostate. The vaginal artery in women is the 
equivalent of the inferior vesical artery in men and, 
descending to the vagina, supplies branches to the 
vagina and to adjacent parts of the bladder and 
rectum. 
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The middle rectal artery courses medially to supply 
the rectum. The vessel anastomoses with the superior 
rectal artery, which originates from the inferior mesen- 
teric artery in the abdomen, and the inferior rectal 
artery, which originates from the internal pudendal 
artery in the perineum. 

The obturator artery courses anteriorly along the 
pelvic wall and leaves the pelvic cavity via the obturator 
canal. Together with the obturator nerve, above, and 
obturator vein, below, it enters and supplies the adduc- 
tor region of the thigh. 

The internal pudendal artery courses inferiorly from 
its origin in the anterior trunk and leaves the pelvic 
cavity through the greater sciatic foramen inferior to 
the piriformis muscle. In association with the pudendal 
nerve on its medial side, the vessel passes laterally to the 
ischial spine and then through the lesser sciatic foramen 
to enter the perineum. The internal pudendal artery is 
the main artery of the perineum. Among the structures 
it supplies are the erectile tissues of the clitoris and the 
penis. 

The inferior gluteal artery is a large terminal branch 
of the anterior trunk of the internal iliac artery. It passes 
between the anterior rami S1 and S2 or S2 and S3 of 
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Fig. 5.64, cont’d Branches of the anterior trunk of the internal iliac artery. B. Female. 


the sacral plexus and leaves the pelvic cavity through 
the greater sciatic foramen inferior to the piriformis 
muscle. It enters and contributes to the blood supply of 
the gluteal region and anastomoses with a network of 
vessels around the hip joint. 

= The uterine artery in women courses medially and 
anteriorly in the base of the broad ligament to reach 
the cervix (Fig. 5.64B and 5.65). Along its course, the 
vessel crosses the ureter and passes superiorly to 
the lateral vaginal fornix. Once the vessel reaches the 
cervix, it ascends along the lateral margin of the uterus 
to reach the uterine tube where it curves laterally and 
anastomoses with the ovarian artery. The uterine 
artery is the major blood supply to the uterus and 
enlarges significantly during pregnancy. Through 
anastomoses with other arteries, the vessel contributes 
to the blood supply of the ovary and vagina as well. 


Ovarian arteries 


In women, the gonadal (ovarian) vessels originate from the 
abdominal aorta and then descend to cross the pelvic inlet 
and supply the ovaries. They anastomose with terminal 
parts of the uterine arteries (Fig. 5.65). On each side, the 
vessels travel in the suspensory ligament of ovary 
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Fig. 5.65 Uterine and vaginal arteries. 


(the infundibulopelvic ligament) as they cross the 
pelvic inlet to the ovary. Branches pass through the mes- 
ovarium to reach the ovary and through the mesometrium 
of the broad ligament to anastomose with the uterine 
artery. The ovarian arteries enlarge significantly during 
pregnancy to augment uterine blood supply. 


Median sacral artery 


The median sacral artery (Figs. 5.64 and 5.65) originates 
from the posterior surface of the aorta just superior to the 
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aortic bifurcation at vertebral level LIV in the abdomen. It 
descends in the midline, crosses the pelvic inlet, and then 
courses along the anterior surface of the sacrum and 
coccyx. It gives rise to the last pair of lumbar arteries 
and to branches that anastomose with the iliolumbar and 
lateral sacral arteries. 
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Fig. 5.66 Pelvic veins. A. In a man with the left side of the pelvis and most of the viscera removed. B. Veins associated with the rectum and 


476 anal canal. 


Veins 


Pelvic veins follow the course of all branches of the internal 
iliac artery except for the umbilical artery and the iliolum- 
bar artery (Fig. 5.66A). On each side, the veins drain into 
internal iliac veins, which leave the pelvic cavity to join 
common iliac veins situated just superior and lateral to the 
pelvic inlet. 

Within the pelvic cavity, extensive interconnected 
venous plexuses are associated with the surfaces of the 
viscera (bladder, rectum, prostate, uterus, and vagina). 
Together, these plexuses form the pelvic plexus of veins. 
The part of the venous plexus surrounding the rectum 
and anal canal drains via superior rectal veins (tributar- 
ies of inferior mesenteric veins) into the hepatic portal 
system, and via middle and inferior rectal veins into the 
caval system. This pelvic plexus is an important porta- 
caval shunt when the hepatic portal system is blocked 
(Fig. 5.66B). 

The inferior part of the rectal plexus around the anal 
canal has two parts, an internal and an external. The inter- 
nal rectal plexus is in connective tissue between the inter- 
nal anal sphincter and the epithelium lining the canal. 
This plexus connects superiorly with longitudinally 
arranged branches of the superior rectal vein that lie one 
in each anal column. When enlarged, these branches form 
internal hemorrhoids, which originate above the pectinate 
line and are covered by colonic mucosa. The external rectal 
plexus circles the external anal sphincter and is subcutane- 
ous. Enlargement of vessels in the external rectal plexus 
results in external hemorrhoids. 

The single deep dorsal vein that drains erectile tissues 
of the clitoris and the penis does not follow branches of the 
internal pudendal artery into the pelvic cavity. Instead, 
this vein passes directly into the pelvic cavity through a 
gap formed between the arcuate pubic ligament and the 
anterior margin of the perineal membrane. The vein joins 
the prostatic plexus of veins in men and the vesical (bladder) 
plexus of veins in women. (Superficial veins that drain the 


skin of the penis and corresponding regions of the clitoris 
drain into the external pudendal veins, which are tributar- 
ies of the great saphenous vein in the thigh.) 

In addition to tributaries of the internal iliac vein, 
median sacral veins and ovarian veins parallel the courses 
of the median sacral artery and ovarian artery, respec- 
tively, and leave the pelvic cavity to join veins in the 
abdomen: 


= the median sacral veins coalesce to form a single vein 
that joins either the left common iliac vein or the junc- 
tion of the two common iliac veins to form the inferior 
vena cava; and 

= the ovarian veins follow the course of the correspond- 
ing arteries; on the left, they join the left renal vein and, 
on the right, they join the inferior vena cava in the 
abdomen. 


Lymphatics 

Lymphatics from most pelvic viscera drain mainly into 
lymph nodes distributed along the internal iliac and exter- 
nal iliac arteries and their associated branches (Fig. 5.67), 
which drain into nodes associated with the common iliac 
arteries and then into the lateral aortic or lumbar nodes 
associated with the lateral surfaces of the abdominal aorta. 
In turn, these lateral aortic or lumbar nodes drain into the 
lumbar trunks, which continue to the origin of the thoracic 
duct at approximately vertebral level TXII. 

Lymphatics from the ovaries and related parts of the 
uterus and uterine tubes leave the pelvic cavity superiorly 
and drain, via vessels that accompany the ovarian arteries, 
directly into lateral aortic or lumbar nodes and, in some 
cases, into the pre-aortic nodes on the anterior surface of 
the aorta. 

In addition to draining pelvic viscera, nodes along the 
internal iliac artery also receive drainage from the gluteal 
region of the lower limb and from deep areas of the 
perineum. 
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Fig. 5.67 Pelvic lymphatics. 


PERINEUM 


The perineum is a diamond-shaped region positioned infe- 
riorly to the pelvic floor between the thighs. Its peripheral 
boundary is the pelvic outlet; its ceiling is the pelvic dia- 
phragm (the levator ani and coccygeus muscles); and its 
narrow lateral walls are formed by the walls of the pelvic 
cavity below the attachment of the levator ani muscle 
(Fig. 5.68A). 

The perineum is divided into an anterior urogenital tri- 
angle and a posterior anal triangle. 


= The urogenital triangle is associated with the openings 
of the urinary systems and the reproductive systems 
and functions to anchor the external genitalia. 

The anal triangle contains the anus and the external 
anal sphincter. 


The pudendal nerve (S2 to S4) and the internal 
pudendal artery are the major nerve and artery of the 
region. 
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Borders and ceiling 


The margin of the perineum is marked by the inferior 
border of the pubic symphysis at its anterior point, the tip 
of the coccyx at its posterior point, and the ischial tuberosi- 
ties at each of the lateral points (Fig. 5.68A). The lateral 
margins are formed by the ischiopubic rami anteriorly and 
by the sacrotuberous ligaments posteriorly. The pubic 
symphysis, the ischial tuberosities, and the coccyx can be 
palpated on the patient. 

The perineum is divided into two triangles by an imagi- 
nary line between the two ischial tuberosities (Fig. 5.68A). 
Anterior to the line is the urogenital triangle and posterior 
to the line is the anal triangle. Significantly, the two trian- 
gles are not in the same plane. In the anatomical position, 
the urogenital triangle is oriented in the horizontal plane, 
whereas the anal triangle is tilted upward at the transtu- 
bercular line so that it faces more posteriorly. 

The roof of the perineum is formed mainly by the levator 
ani muscles that separate the pelvic cavity, above, from the 
perineum, below. These muscles, one on each side, form a 
cone- or funnel-shaped pelvic diaphragm, with the anal 
aperture at its inferior apex in the anal triangle. 
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Fig. 5.68 Borders and ceiling of the perineum. A. Boundaries of the perineum. B. Perineal membrane. 
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Anteriorly, in the urogenital triangle, a U-shaped 
defect in the muscles, the urogenital hiatus, allows the 
passage of the urethra and vagina. 


Perineal membrane and deep 
perineal pouch 


The perineal membrane (see p. 436) is a thick fibrous sheet 
that fills the urogenital triangle (Fig. 5.68B). It has a free 
posterior border, which is anchored in the midline to the 
perineal body and is attached laterally to the pubic arch. 
Immediately superior to the perineal membrane is a thin 
region termed the deep perineal pouch, containing a layer 
of skeletal muscle and neurovascular tissues. Among the 
skeletal muscles in the pouch (see p. 438, Fig. 5.36) is the 
external urethral sphincter. 

The perineal membrane and deep perineal pouch 
provide support for the external genitalia, which are 
attached to its inferior surface. Also, the parts of the peri- 
neal membrane and deep perineal pouch inferior to the 
urogenital hiatus in the levator ani provide support for 
pelvic viscera, above. 

The urethra leaves the pelvic cavity and enters the 
perineum by passing through deep perineal pouch and 
perineal membrane. In women, the vagina also passes 
through these structures posterior to the urethra. 


Ischio-anal fossae and their 
anterior recesses 


Because the levator ani muscles course medially from their 
origin on the lateral pelvic walls, above, to the anal aper- 
ture and urogenital hiatus, below, inverted wedge-shaped 
gutters occur between the levator ani muscles and adja- 
cent pelvic walls as the two structures diverge inferiorly 
(Fig. 5.69). In the anal triangle, these gutters, one on each 
side of the anal aperture, are termed ischio-anal fossae. 
The lateral wall of each fossa is formed mainly by the 
ischium, obturator internus muscle, and the sacrotuber- 
ous ligament. The medial wall is the levator ani muscle. 
The medial and lateral walls converge superiorly where 
the levator ani muscle attaches to the fascia overlying the 
obturator internus muscle. The ischio-anal fossae allow 


movement of the pelvic diaphragm and expansion of the 
anal canal during defecation. 

The ischio-anal fossae of the anal triangle are continu- 
ous anteriorly with recesses that project into the urogenital 
triangle superior to the deep perineal pouch. These ante- 
rior recesses of the ischio-anal fossae are shaped like three- 
sided pyramids that have been tipped onto one of their sides 
(Fig. 5.69C). The apex of each pyramid is closed and points 
anteriorly toward the pubis. The base is open and continu- 
ous posteriorly with its related ischio-anal fossa. The infe- 
rior wall of each pyramid is the deep perineal pouch. The 
superomedial wall is the levator ani muscle, and the super- 
olateral wall is formed mainly by the obturator internus 
muscle. The ischio-anal fossae and their anterior recesses 
are normally filled with fat. 


In the clinic 


Abscesses in the ischio-anal fossae 

The anal mucosa is particularly vulnerable to injury and 
may be easily torn by hard feces. Occasionally, patients 
develop inflammation and infection of the anal canal 
(sinuses or crypts), which can spread into the ischio-anal 
fossae. The infection may spread between the 
sphincters, producing intersphincteric fistulas. The tracts 
may spread superiorly into the pelvic cavity or laterally 
into the ischio-anal fossae. 


Anal triangle 


The anal triangle of the perineum faces posteroinferiorly 
and is defined laterally by the medial margins of the sacro- 
tuberous ligaments, anteriorly by a horizontal line between 
the two ischial tuberosities, and posteriorly by the coccyx. 
The ceiling of the anal triangle is the pelvic diaphragm, 
which is formed by the levator ani muscles. The anal aper- 
ture occurs centrally in the anal triangle and is related on 
either side to an ischio-anal fossa. The major muscle in the 
anal triangle is the external anal sphincter. 

The external anal sphincter, which surrounds the 
anal canal, is formed by skeletal muscle and consists of 
three parts—deep, superficial, and subcutaneous— 
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Fig. 5.69 Ischio-anal fossae and their anterior recesses. A. Anterolateral view with left pelvic wall removed. B. Inferior view. 
C. Anterolateral view with pelvic walls and diaphragm removed. 
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arranged sequentially along the canal from superior to 
inferior (Fig. 5.68B, Table 5.5). The deep part is a thick 
ring-shaped muscle that circles the upper part of the anal 
canal and blends with the fibers of the levator ani muscle. 
The superficial part also surrounds the anal canal, but is 
anchored anteriorly to the perineal body and posteriorly to 


Table 5.5 Muscles of the anal triangle 


Muscles of pelvic wall Origin Insertion 
EXTERNAL ANAL SPHINCTER 


Deep part Surrounds superior 


aspect of anal canal 


Superficial part Surrounds lower part of 


anal canal 


Subcutaneous part Surrounds anal aperture 


In the clinic 


Hemorrhoids 

A hemorrhoid is an engorgement of the venous plexus at 
or inside the anal sphincter (Fig. 5.70). It is a common 
complaint and has prevalence of approximately 4% in the 
United States. Hemorrhoids have a slight genetic 
predisposition; however, straining during bowel 
movements, obesity, and sedentary life style can also 
produce hemorrhoids. The symptoms include irritation, 
pain, and swelling. Hemorrhoids occurring at the anal 
verge (distal boundary of the anal canal) are typically 
called external hemorrhoids. Internal hemorrhoids occur 
inside the rectum and have a tendency to bleed. 
Prolapsed hemorrhoids are internal hemorrhoids that pass 
outside the anal canal and form lumps, which may 
undergo thrombosis and become painful. 

There are many treatments for hemorrhoids, which 
include ligation above the pectinate (dentate) line using 
simple rubber bands or surgical excision. Surgery to this 
region is not without complications and care must be 
taken to preserve the internal anal sphincter. 

In the back of every physician’s mind is the concern 
that the rectal bleeding or symptoms may not be 
attributable to hemorrhoids. Therefore, excluding a tumor 
within the bowel is as important as treating the 
hemorrhoids. 


the coccyx and anococcygeal ligament. The subcutaneous 
part is a horizontally flattened disc of muscle that sur- 
rounds the anal aperture just beneath the skin. The exter- 
nal anal sphincter is innervated by inferior rectal branches 
of the pudendal nerve and by branches directly from the 
anterior ramus of S4. 


Innervation Function 


Pudendal nerve (S2 and Closes anal canal 
S3) and branches directly 


from S4 


Anchored to perineal body 
and anococcygeal body 





Fig. 5.70 Hemorrhoids. 


Urogenital triangle 


The urogenital triangle of the perineum is the anterior half 
of the perineum and is oriented in the horizontal plane. It 
contains the roots of the external genitalia (Fig. 5.71) and 
the openings of the urogenital system. 

The urogenital triangle is defined: 


= laterally by the ischiopubic rami; 

= posteriorly by an imaginary line between the ischial 
tuberosities; and 

= anteriorly by the inferior margin of the pubic 
symphysis. 


As with the anal triangle, the roof or ceiling of the uro- 
genital triangle is the levator ani muscle. 

Unlike the anal triangle, the urogenital triangle con- 
tains a strong fibromuscular support platform, the perineal 
membrane and deep perineal pouch (see p. 436), which is 
attached to the pubic arch. 

Anterior extensions of the ischio-anal fossae occur 
between the deep perineal pouch and the levator ani 
muscle on each side. 

Between the perineal membrane and the membranous 
layer of superficial fascia is the superficial perineal 
pouch. The principal structures in this pouch are the erec- 
tile tissues of the penis and clitoris and associated skeletal 
muscles. 


Structures in the superficial 
perineal pouch 


The superficial perineal pouch contains: 


= erectile structures that join together to form the penis 
in men and the clitoris in women; and 

= skeletal muscles that are associated mainly with parts 
of the erectile structures attached to the perineal mem- 
brane and adjacent bone. 


Each erectile structure consists of a central core of 
expandable vascular tissue and its surrounding connective 
tissue capsule. 


Erectile tissues 


Two sets of erectile structures join to form the penis and 
the clitoris. 

A pair of cylindrically shaped corpora cavernosa, one 
on each side of the urogenital triangle, are anchored by 
their proximal ends to the pubic arch. These attached parts 
are often termed the crura (from the Latin for “legs”) of 
the clitoris or the penis. The distal ends of the corpora, 
which are not attached to bone, form the body of the clito- 


ris in women and the dorsal parts of the body of the penis 
in men. 

The second set of erectile tissues surrounds the openings 
of the urogenital system. 


= In women, a pair of erectile structures, termed the bulbs 
of vestibule, are situated, one on each side, at the 
vaginal opening and are firmly anchored to the perineal 
membrane (Fig. 5.71A). Small bands of erectile tissues 
connect the anterior ends of these bulbs to a single, small, 
pea-shaped erectile mass, the glans clitoris, which is 
positioned in the midline at the end of the body of the 
clitoris and anterior to the opening of the urethra. 

= In men, a single large erectile mass, the corpus spon- 
giosum, is the structural equivalent to the bulbs of the 
vestibule, the glans clitoris, and the interconnecting 
bands of erectile tissues in women (Fig. 5.71B). The 
corpus spongiosum is anchored at its base to the peri- 
neal membrane. Its proximal end, which is not attached, 
forms the ventral part of the body of the penis and 
expands over the end of the body of the penis to form 
the glans penis. This pattern in men results from the 
absence of a vaginal opening and from the fusion of 
structures across the midline during embryological 
development. As the originally paired erectile struc- 
tures fuse, they enclose the urethral opening and form 
an additional channel that ultimately becomes most of 
the penile part of the urethra. As a consequence of this 
fusion and growth in men, the urethra is enclosed by 
the corpus spongiosum and opens at the end of the 
penis. This is unlike the situation in women where the 
urethra is not enclosed by erectile tissue of the clitoris 
and opens directly into the vestibule of the perineum. 


Clitoris 


The clitoris is composed of two corpora cavernosa and the 
glans clitoris (Fig. 5.71A). As in the penis, it has an 
attached part (root) and a free part (body). 


= Unlike the root of penis, the root of clitoris technically 
consists only of the two crura. (Although the bulbs of 
the vestibule are attached to the glans clitoris by thin 
bands of erectile tissue, they are not included in the 
attached part of the clitoris.) 

= The body of clitoris, which is formed only by the unat- 
tached parts of the two corpora cavernosa, angles pos- 
teriorly and is embedded in the connective tissues of the 
perineum. 


The body of clitoris is supported by a suspensory liga- 
ment that attaches superiorly to the pubic symphysis. The 
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glans clitoris is attached to the distal end of the body and 
is connected to the bulbs of the vestibule by small bands of 
erectile tissue. The glans clitoris is exposed in the perineum 
and the body of the clitoris can be palpated through skin. 


Penis 

The penis is composed mainly of the two corpora caver- 
nosa and the single corpus spongiosum, which contains 
the urethra (Fig. 5.71B.) Asin the clitoris, ithas an attached 
part (root) and a free part (body): 





the root of penis consists of the two crura, which are 
proximal parts of the corpora cavernosa attached to the 
pubic arch, and the bulb of penis, which is the proxi- 
mal part of the corpus spongiosum anchored to the 
perineal membrane; 

the body of penis, which is covered entirely by skin, is 
formed by the tethering of the two proximal free parts 
of the corpora cavernosa and the related free part of the 
corpus spongiosum. 
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484 Fig. 5.71 Erectile tissues of clitoris and penis. A. Clitoris. B. Penis. 


Bulbourethral gland 
within deep pouch 





Glans penis 


External urethral 
orifice 


Navicular fossa 
of urethra 


Crus of penis 
(attached part of 
corpus cavernosum) 





The base of the body of penis is supported by two liga- 
ments: the suspensory ligament of penis (attached 
superiorly to the pubic symphysis), and the more superfi- 
cially positioned fundiform ligament of penis (attached 
above to the linea alba of the anterior abdominal wall and 
splits below into two bands that pass on each side of the 
penis and unite inferiorly). 

Because the anatomical position of the penis is erect, the 
paired corpora are defined as dorsal in the body of the penis 
and the single corpus spongiosum as ventral, even though 
the positions are reversed in the nonerect (flaccid) penis. 

The corpus spongiosum expands to form the head of 
penis (glans penis) over the distal ends of the corpora 
cavernosa (Fig. 5.71B.). 


Erection 


Erection of the penis and clitoris is a vascular event gener- 
ated by parasympathetic fibers carried in pelvic splanchnic 
nerves from the anterior rami of S2 to S4, which enter the 
inferior hypogastric part of the prevertebral plexus and 
ultimately pass through the deep perineal pouch and peri- 
neal membrane to innervate the erectile tissues. Stimula- 
tion of these nerves causes specific arteries in the erectile 
tissues to relax. This allows blood to fill the tissues, causing 
the penis and clitoris to become erect. 

Arteries supplying the penis and clitoris are branches of 
the internal pudendal artery; branches of the pudendal 
nerve (S2 to S4) carry general sensory nerves from the 
penis and clitoris. 


Greater vestibular glands 


The greater vestibular glands (Bartholin’s glands) are 
seen in women. They are small, pea-shaped mucous glands 
that lie posterior to the bulbs of the vestibule on each side 


Table 5.6 Muscles of the superficial perineal pouch 


Muscles of pelvic wall Origin Insertion 


Ischiocavernosus Ischial tuberosity and 


ramus 


Bulbospongiosus In women: perineal body 
In men: perineal body, 
midline raphe 


cavernosum 


In men: bulbospongiosus, 
perineal membrane, corpus 


cavernosum 


Superficial transverse 
perineal 


Ischial tuberosity and 
ramus 


Perineal body 


Crus of penis and clitoris 


In women: bulb of vestibule, 
perineal membrane, body of 
clitoris, and corpus 


of the vaginal opening and are the female homologues of 
the bulbourethral glands in men (Fig. 5.71). However, the 
bulbourethral glands are located within the deep perineal 
pouch, whereas the greater vestibular glands are in the 
superficial perineal pouch. 

The duct of each greater vestibular gland opens into the 
vestibule of the perineum along the posterolateral margin 
of the vaginal opening. 

Like the bulbourethral glands in men, the greater ves- 
tibular glands produce secretion during sexual arousal. 


Muscles 


The superficial perineal pouch contains three pairs of 
muscles: the ischiocavernosus, bulbospongiosus, and 
superficial transverse perineal muscles (Fig. 5.72 and Table 
5.6). Two of these three pairs of muscles are associated 
with the roots of the penis and clitoris; the other pair is 
associated with the perineal body. 


Ischiocavernosus 


The two ischiocavernosus muscles cover the crura of 
the penis and clitoris (Fig. 5.72). Each muscle is anchored 
to the medial margin of the ischial tuberosity and related 
ischial ramus and passes forward to attach to the sides and 
inferior surface of the related crus, and forces blood from 
the crus into the body of the erect penis and clitoris. 


Bulbospongiosus 


The two bulbospongiosus muscles are associated mainly 
with the bulbs of the vestibule in women and with the 
attached part of the corpus spongiosum in men (Fig. 
SZAN 


Innervation Function 


Move blood from crura into the 
body of the erect penis and clitoris 


Pudendal nerve 
(S2 to S4) 


Pudendal nerve 
(S2 to S4) 


Move blood from attached parts of 
the clitoris and penis into the glans 
In men: removal of residual urine 
from urethra after urination; 
pulsatile emission of semen during 
ejaculation 


Pudendal nerve 
(S2 to S4) 


Stabilize the perineal body 
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Fig. 5.72 Muscles in the superficial perineal pouch. A. In women. B. In men. 


In women, each bulbospongiosus muscle is anchored 
posteriorly to the perineal body and courses anterolaterally 
over the inferior surface of the related greater vestibular 
gland and the bulb of the vestibule to attach to the surface 
of the bulb and to the perineal membrane (Fig. 5.72A). 
Other fibers course anterolaterally to blend with the fibers 
of ischiocavernosus muscle, and still others travel anteri- 
orly and arch over the body of the clitoris. 

In men, the bulbospongiosus muscles are joined in the 
midline to a raphe on the inferior surface of the bulb of the 
penis. The raphe is anchored posteriorly to the perineal 
body. Muscle fibers course anterolaterally, on each side, 
from the raphe and perineal body to cover each side of the 
bulb of the penis and attach to the perineal membrane and 


connective tissue of the bulb. Others extend anterolaterally 
to associate with the crura and attach anteriorly to the 
ischiocavernosus muscles. 

In both men and women, the bulbospongiosus muscles 
compress attached parts of the erect penis or clitoris and 
force blood into more distal regions, mainly the glans. In 
men, the bulbospongiosus muscles have two additional 
functions: 


= they facilitate emptying of the bulbous part of the penile 
urethra following urination (micturition); and 

= their reflex contraction during ejaculation is respon- 
sible for the pulsatile emission of semen from the 
penis. 


Superficial transverse perineal muscles 


The paired superficial transverse perineal muscles 
follow a course parallel to the posterior margin of the infe- 
rior surface of the perineal membrane (Fig. 5.72). These 
flat band-shaped muscles, which are attached to ischial 
tuberosities and rami, extend medially to the perineal body 
in the midline and stabilize the perineal body. 


Superficial features of the 
external genitalia 
In women 


In women, the clitoris and vestibular apparatus, together 
with a number of skin and tissue folds, form the vulva (Fig. 
5.73). On either side of the midline are two thin folds of 
skin termed the labia minora. The region enclosed 
between them, and into which the urethra and vagina 


Mons pubis 


open, is the vestibule. Anteriorly, the labia minora each 
bifurcate, forming a medial and a lateral fold. The medial 
folds unite to form the frenulum of clitoris, that joins the 
glans clitoris. The lateral folds unite ventrally over the 
glans clitoris and the body of clitoris to form the prepuce 
of clitoris (hood). The body of the clitoris extends anteri- 
orly from the glans clitoris and is palpable deep to the 
prepuce and related skin. Posterior to the vestibule, the 
labia minora unite, forming a small transverse fold, 
the frenulum of labia minora (the fourchette). 

Within the vestibule, the vaginal orifice is surrounded 
to varying degrees by a ring-like fold of membrane, the 
hymen, which may have a small central perforation or 
may completely close the vaginal opening. Following 
rupture of the hymen (resulting from first sexual inter- 
course or injury), irregular remnants of the hymen fringe 
the vaginal opening. 
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Fig. 5.73 Superficial features of the perineum in women. A. Overview. B. Close-up of external genitalia. 
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The orifices of the urethra and the vagina are associated 
with the openings of glands. The ducts of the para-urethral 
glands (Skene’s glands) open into the vestibule, one on 
each side of the lateral margin of the urethra. The ducts of 
the greater vestibular glands (Bartholin’s glands) open 
adjacent to the posterolateral margin of the vaginal 
opening in the crease between the vaginal orifice and rem- 
nants of the hymen. 

Lateral to the labia minora are two broad folds, the 
labia majora, which unite anteriorly to form the mons 
pubis. The mons pubis overlies the inferior aspect of the 
pubic symphysis and is anterior to the vestibule and the 
clitoris. Posteriorly, the labia majora do not unite and are 
separated by a depression termed the posterior commis- 
sure, which overlies the position of the perineal body. 


In men 


Superficial components of the genital organs in men consist 
of the scrotum and the penis (Fig. 5.74). The scrotum is 
the male homologue of the labia majora in women. In the 
fetus, labioscrotal swellings fuse across the midline, result- 


A Skin overlying spermatic cord 


ing in a single scrotum into which the testes and their 
associated musculofascial coverings, blood vessels, nerves, 
lymphatics, and drainage ducts descend from the abdomen. 
The remnant of the line of fusion between the labioscrotal 
swellings in the fetus is visible on the skin of the scrotum 
as a longitudinal midline raphe that extends from the 
anus, over the scrotal sac, and onto the inferior aspect of 
the body of the penis. 

The penis consists of a root and body. The attached root 
of the penis is palpable posterior to the scrotum in the uro- 
genital triangle of the perineum. The pendulous part of the 
penis (body of penis) is entirely covered by skin; the tip of 
the body is covered by the glans penis. 

The external urethral orifice is a sagittal slit, normally 
positioned at the tip of the glans. The inferior margin of the 
urethral orifice is continuous with a midline raphe of 
penis, which represents a line of fusion formed in the glans 
as the urethra develops in the fetus. The base of this raphe 
is continuous with the frenulum of the glans, which is a 
median fold of skin that attaches the glans to more loosely 
attached skin proximal to the glans. The base of the glans 
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Fig. 5.74 Superficial features of the perineum in men. A. Overview. B. Close-up of external genitalia. 


is expanded to form a raised circular margin (the corona 
of glans); the two lateral ends of the corona join inferiorly 
at the midline raphe of the glans. The depression posterior 
to the corona is the neck of the glans. Normally, a fold of 
skin at the neck of the glans is continuous anteriorly with 
thin skin that tightly adheres to the glans and posteriorly 
with thicker skin loosely attached to the body. This fold, 
known as the prepuce, extends forward to cover the glans. 
The prepuce is removed during male circumcision, leaving 
the glans exposed. 
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Fig. 5.75 Superficial fascia. A. Lateral view. B. Anterior view. 










Superficial fascia of the 
urogenital triangle 


The superficial fascia of the urogenital triangle is continu- 
ous with similar fascia on the anterior abdominal wall. 
As with the superficial fascia of the abdominal wall, the 
perineal fascia has a membranous layer on its deep surface. 
This membranous layer (Colles’ fascia), is attached: 


= posteriorly to the perineal membrane and therefore 
does not extend into the anal triangle (Fig. 5.75); and 
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to the ischiopubic rami that form the lateral borders of 
the urogenital triangle and therefore does not extend 
into the thigh. 


It defines the external limits of the superficial perineal 
pouch, lines the scrotum or labia, and extends around the 
body of the penis and clitoris. 

Anteriorly, the membranous layer of fascia is continu- 
ous over the pubic symphysis and pubic bones with the 
membranous layer of fascia on the anterior abdominal 


In the clinic 


Urethral rupture 
Urethral rupture may occur at a series of well-defined 
anatomical points. 

The commonest injury is a rupture of the proximal 
spongy urethra below the perineal membrane. The 
urethra is usually torn when structures of the perineum 
are caught between a hard object (e.g., a steel beam or 
cross bar of a bicycle) and the inferior pubic arch. Urine 
escapes through the rupture into the superficial perineal 
pouch and descends into the scrotum and onto the 
anterior abdominal wall deep to the superficial fascia. 

In association with severe pelvic fractures, urethral 
rupture may occur at the prostatomembranous junction 


Somatic nerves 
Pudendal nerve 


The major somatic nerve of the perineum is the pudendal 
nerve. This nerve originates from the sacral plexus and 
carries fibers from spinal cord levels S2 to S4. It leaves the 
pelvic cavity through the greater sciatic foramen inferior 
to the piriformis muscle, passes around the sacrospinous 
ligament, and then enters the anal triangle of the perineum 
by passing medially through the lesser sciatic foramen. As 
it enters and courses through the perineum, it travels along 
the lateral wall of the ischioanal fossa in the pudendal 
canal, which is a tubular compartment formed in the 
fascia that covers the obturator internus muscle. This 
pudendal canal also contains the internal pudendal artery 
and accompanying veins. 

The pudendal nerve (Fig. 5.76) has three major terminal 
branches—the inferior rectal and perineal nerves, and the 
dorsal nerve of penis or clitoris—which are accompanied 
by branches of the internal pudendal artery (Fig. 5.77). 


The inferior rectal nerve is often multiple, penetrates 
through the fascia of the pudendal canal and courses 
medially across the ischio-anal fossa to innervate the 


wall. In the lower lateral abdominal wall, the membranous 
layer of abdominal fascia is attached to the deep fascia of 
the thigh just inferior to the inguinal ligament. 

Because the membranous layer of fascia encloses the 
superficial perineal pouch and continues up the anterior 
abdominal wall, fluids or infectious material that accumu- 
late in the pouch can track out of the perineum and onto 
the lower abdominal wall. This material will not track into 
the anal triangle or the thigh because the fascia fuses with 
deep tissues at the borders of these regions. 


above the deep perineal pouch. The urine will extravasate 
into the true pelvis. 

The worst and most serious urethral rupture is related 
to serious pelvic injuries where there is complete 
disruption of the puboprostatic ligaments. The prostate is 
dislocated superiorly not only by the ligamentous 
disruption but also by the extensive hematoma formed 
within the true pelvis. The diagnosis can be made by 
palpating the elevated prostate during a digital rectal 
examination. 


external anal sphincter and related regions of the 
levator ani muscles. The nerve is also general sensory 
for the skin of the anal triangle. 

The perineal nerve passes into the urogenital triangle 
and gives rise to motor and cutaneous branches. The 
motor branches supply skeletal muscles in the superfi- 
cial and deep perineal pouches. The largest of the 
sensory branches is the posterior scrotal nerve in men 
and the posterior labial nerve in women. 

The dorsal nerve of penis and clitoris enters the 
deep perineal pouch (Fig. 5.76). It passes along the 
lateral margin of the pouch and then exits by passing 
inferiorly through the perineal membrane in a position 
just inferior to the pubic symphysis where it meets the 
body of the clitoris or the penis. It courses along the 
dorsal surface of the body to reach the glans. The dorsal 
nerve is sensory to the penis and clitoris, particularly to 
the glans. 


Other somatic nerves 


Other somatic nerves that enter the perineum are mainly 
sensory and include branches of the ilio-inguinal, genito- 
femoral, posterior femoral cutaneous, and anococcygeal 
nerves. 


Regional anatomy ° Perineum 
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Fig. 5.76 Pudendal nerve. A. In men. 
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Fig. 5.76, cont’d Pudendal nerve. B. In women. 


Visceral nerves 


Visceral nerves enter the perineum by two routes: 


= Those to the skin, which consist mainly of postgangli- 
onic sympathetics, are delivered into the region along 
the pudendal nerve (see p. 465 and Fig. 5.61). These 
fibers join the pudendal nerve from gray rami commu- 
nicantes that connect pelvic parts of the sympathetic 
trunks to the anterior rami of the sacral spinal nerves. 

= Those to erectile tissues enter the region mainly by 
passing through the deep perineal pouch from the infe- 
rior hypogastric plexus in the pelvic cavity (see p. 469 
and Fig. 5.62). The fibers that stimulate erection are 
parasympathetic fibers, which enter the inferior hypo- 
gastric plexus via pelvic splanchnic nerves from spinal 
cord levels of S2 to S4. 


Blood vessels 
Arteries 


The most significant artery of the perineum is the internal 
pudendal artery (Fig. 5.77). Other arteries entering the 
area include the external pudendal, the testicular, and the 
cremasteric arteries. 
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The internal pudendal artery originates as a branch of 
the anterior trunk of the internal iliac artery in the pelvis 
(Fig. 5.77). Along with the pudendal nerve, it leaves the 
pelvis through the greater sciatic foramen inferior to the 
piriformis muscle. It passes around the ischial spine, where 
the artery lies lateral to the nerve, enters the perineum by 
coursing through the lesser sciatic foramen, and accompa- 
nies the pudendal nerve in the pudendal canal on the 
lateral wall of the ischio-anal fossa. 

The branches of the internal pudendal artery are similar 
to those of the pudendal nerve in the perineum and include 
the inferior rectal and perineal arteries, and branches to 
the erectile tissues of the penis and clitoris (Fig. 5.77). 


Inferior rectal arteries 


One or more inferior rectal arteries originate from the 
internal pudendal artery in the anal triangle and cross the 
ischio-anal fossa medially to branch and supply muscle 
and related skin (Fig. 5.77). They anastomose with middle 
and superior rectal arteries from the internal iliac artery 
and the inferior mesenteric artery, respectively, to form a 
network of vessels that supply the rectum and anal canal. 


Regional anatomy ° Perineum 


Perineal artery branch, and a posterior scrotal or labial artery to surround- 


The perineal artery originates near the anterior end of ing tissues and skin (Fig. 5.77). 
the pudendal canal and gives off a transverse perineal 
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Fig. 5.77 Arteries in the perineum. 





493 





494 


Pelvis and Perineum 


Terminal part of the internal pudendal artery 


The terminal part of the internal pudendal artery accom- 
panies the dorsal nerve of the penis or clitoris into the deep 
perineal pouch and supplies branches to the tissues in the 
deep perineal pouch and erectile tissues. 

Branches that supply the erectile tissues in men include 
the artery to the bulb of the penis, the urethral artery, the 
deep artery of the penis, and the dorsal artery of the penis 
(Fig. 5.77). 


The artery of bulb of penis has a branch that supplies 
the bulbourethral gland and then penetrates the peri- 
neal membrane to supply the corpus spongiosum. 
A urethral artery also penetrates the perineal mem- 
brane and supplies the penile urethra and surrounding 
erectile tissue to the glans. 
Near the anterior margin of the deep perineal pouch, 
the internal pudendal artery bifurcates into two termi- 
nal branches. A deep artery of penis penetrates the 
perineal membrane to enter the crus and supply the 
crus and corpus cavernosum of the body. The dorsal 
artery of penis penetrates the anterior margin of the 
perineal membrane to meet the dorsal surface of the 
body of the penis. The vessel courses along the dorsal 
surface of the penis, medial to the dorsal nerve, and 
supplies the glans penis and superficial tissues of the 
penis; it also anastomoses with branches of the deep 
artery of penis and the urethral artery. 
Branches that supply the erectile tissues in women are 
similar to those in men. 


Arteries of the bulb of vestibule supply the bulb of 
the vestibule and related vagina. 

Deep arteries of the clitoris supply the crura and 
corpus cavernosum of the body. 

Dorsal arteries of the clitoris supply surrounding 
tissues and the glans. 


External pudendal arteries 


The external pudendal arteries consist of a superficial 
vessel and a deep vessel, which originate in the femoral 
artery in the thigh. They course medially to enter the 
perineum anteriorly and supply related skin of the penis 
and scrotum or the clitoris and labia majora. 


Testicular and cremasteric arteries 


In men, the testicular arteries originate from the abdom- 
inal aorta and descend into the scrotum through the ingui- 
nal canal to supply the testes. Also, cremasteric arteries, 
which originate from the inferior epigastric branch of the 
external iliac artery, accompany the spermatic cord into 
the scrotum. 

In women, small cremasteric arteries follow the round 
ligament of the uterus through the inguinal canal. 


Veins 


Veins in the perineum generally accompany the arteries 
and join the internal pudendal veins that connect with 
the internal iliac vein in the pelvis (Fig. 5.78). The excep- 
tion is the deep dorsal vein of penis or clitoris that 
drains mainly the glans and the corpora cavernosa. The 
deep dorsal vein courses along the midline between the 
dorsal arteries on each side of the body of penis or clitoris, 
passes though the gap between the inferior pubic ligament 
and the deep perineal pouch, and connects with the plexus 
of veins surrounding the prostate in men or bladder in 
women. 

External pudendal veins, which drain anterior parts of 
the labia majora or the scrotum and overlap with the area 
of drainage of the internal pudendal veins, connect with 
the femoral vein in the thigh. Superficial dorsal veins of the 
penis or clitoris that drain skin are tributaries of the exter- 
nal pudendal veins. 
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Fig. 5.78 Perineal veins. 
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Lymphatics 


Lymphatic vessels from deep parts of the perineum accom- 
pany the internal pudendal blood vessels and drain mainly 
into internal iliac nodes in the pelvis. 

Lymphatic channels from superficial tissues of the penis 
or the clitoris accompany the superficial external pudendal 
blood vessels and drain mainly into superficial inguinal 
nodes, as do lymphatic channels from the scrotum or labia 
majora (Fig. 5.79). The glans penis, the glans clitoris, labia 
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Fig. 5.79 Lymphatic drainage of the perineum. 
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minora, and the terminal inferior end of the vagina drain 
into deep inguinal nodes and external iliac nodes. 

Lymphatics from the testes drain via channels that 
ascend in the spermatic cord, pass through the inguinal 
canal, and course up the posterior abdominal wall to 
connect directly with lateral aortic or lumbar nodes 
and pre-aortic nodes around the aorta, at approximately 
vertebral levels LI and LII. Therefore disease from the testes 
tracks superiorly to nodes high in the posterior abdominal 
wall and not to inguinal or iliac nodes. 
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Surface anatomy 


Surface anatomy of the pelvis 
and perineum 


Palpable bony features of the pelvis are used as landmarks 
for: 


= locating soft tissue structures; 
= visualizing the orientation of the pelvic inlet; and 
= defining the margins of the perineum. 


The ability to recognize the normal appearance of struc- 
tures in the perineum is an essential part of a physical 
examination. 

In women, the cervix can be visualized directly by 
opening the vaginal canal using a speculum. 

In men, the size and texture of the prostate in the pelvic 
cavity can be assessed by digital palpation through the 
anal aperture. 





Orientation of the pelvis 
and perineum in the 
anatomical position 


In the anatomical position, the anterior superior iliac 
spines and the anterior superior edge of the pubic symphy- 
sis lie in the same vertical plane. The pelvic inlet faces 
anterosuperiorly. The urogenital triangle of the perineum 
is oriented in an almost horizontal plane and faces inferi- 
orly, whereas the anal triangle is more vertical and faces 
posteriorly (Figs. 5.80 and 5.81). 


How to define the margins of 
the perineum 


The pubic symphysis, ischial tuberosities, and tip of the 
sacrum are palpable on patients and can be used to define 
the boundaries of the perineum. This is best done with 
patients lying on their backs with their thighs flexed and 
abducted in the lithotomy position (Fig. 5.82). 
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Fig. 5.80 Lateral view of the pelvic area with the position of the skeletal features indicated. The orientation of the pelvic inlet, urogenital 


triangle, and anal triangle is also shown. A. In a woman. B. In a man. 
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Fig. 5.81 Anterior view of the pelvic area. A. In a woman showing the position of the pubic symphysis. B. In a man showing the positions of 
the pubic tubercles, pubic symphysis, and anterior superior iliac spines. 
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Fig. 5.82 Inferior view of the perineum in the lithotomy position. Boundaries, subdivisions, and palpable landmarks are indicated. A. Ina 
498 man. B. In a woman. 


= The ischial tuberosities are palpable on each side as 
large bony masses near the crease of skin (gluteal fold) 
between the thigh and gluteal region. They mark the 
lateral corners of the diamond-shaped perineum. 

= The tip of the coccyx is palpable in the midline posterior 
to the anal aperture and marks the most posterior limit 
of the perineum. 

= The anterior limit of the perineum is the pubic symphy- 
sis. In women, this is palpable in the midline deep to the 
mons pubis. In men, the pubic symphysis is palpable 
immediately superior to where the body of the penis 
joins the lower abdominal wall. 


Imaginary lines that join the ischial tuberosities with 
the pubic symphysis in front, and with the tip of the coccyx 
behind, outline the diamond-shaped perineum. An addi- 
tional line between the ischial tuberosities divides the 
perineum into two triangles, the urogenital triangle ante- 
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riorly and anal triangle posteriorly. This line also approxi- 
mates the position of the posterior margin of the perineal 
membrane. The midpoint of this line marks the location of 
the perineal body or central tendon of the perineum. 


Identification of structures in the 
anal triangle 


The anal triangle is the posterior half of the perineum. The 
base of the triangle faces anteriorly and is an imaginary 
line joining the two ischial tuberosities. The apex of the 
triangle is the tip of the coccyx; the lateral margins can be 
approximated by lines joining the coccyx to the ischial 
tuberosities. In both women and men, the major feature of 
the anal triangle is the anal aperture in the center of the 
triangle. Fat fills the ischio-anal fossa on each side of the 
anal aperture (Fig. 5.83). 
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Fig. 5.83 Anal triangle with the anal aperture and position of the ischio-anal fossae indicated. A. In a man. B. In a woman. 
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Identification of structures in the 
urogenital triangle of women 


The urogenital triangle is the anterior half of the perineum. 
The base of the triangle faces posteriorly and is an imagi- 
nary line joining the two ischial tuberosities. The apex of 
the triangle is the pubic symphysis. The lateral margins 
can be approximated by lines joining the pubic symphysis 
to the ischial tuberosities. These lines overlie the ischiopu- 
bic rami, which can be felt on deep palpation. 
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In women, the major contents of the urogenital triangle 
are the clitoris, the vestibule, and skin folds that together 
form the vulva (Figs. 5.84A and 5.84B). 

Two thin skin folds, the labia minora, enclose between 
them a space termed the vestibule into which the vagina 
and the urethra open (Fig. 5.84C). Gentle lateral traction 
on the labia minora opens the vestibule and reveals a soft 
tissue mound on which the urethra opens. The para- 
urethral (Skene’s) glands, one on each side, open into 
the skin crease between the urethra and the labia minora 
(Fig. 5.84D). 
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Fig. 5.84 Structures in the urogenital triangle of a woman. A. Inferior view of the urogenital triangle of a woman with major features 
indicated. B. Inferior view of the vestibule. The labia minora have been pulled apart to open the vestibule. Also indicated are the glans 
clitoris, the clitoral hood, and the frenulum of the clitoris. C. Inferior view of the vestibule showing the urethral and vaginal orifices and the 
hymen. The labia minora have been pulled further apart than in Figure 5.84B. D. Inferior view of the vestibule with the left labium minus 
pulled to the side to show the regions of the vestibule into which the greater vestibular and para-urethral glands open. 
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Fig. 5.84, cont’d Structures in the urogenital triangle of a woman. E. View through the vaginal canal of the cervix. F. Inferior view of the 
urogenital triangle of a woman with the erectile tissues of the clitoris and vestibule and the greater vestibular glands indicated with 
overlays. 


Posterior to the urethra is the vaginal opening. The 
vaginal opening (introitus) is ringed by remnants of the 
hymen that originally closes the vaginal orifice and is 
usually ruptured during the first sexual intercourse. The 
ducts of the greater vestibular (Bartholin’s) glands, one on 
each side, open into the skin crease between the hymen 
and the adjacent labium minus (Fig. 5.84D). 

The labia minora each bifurcate anteriorly into medial 
and lateral folds. The medial folds unite at the midline to 
form the frenulum of the clitoris. The larger lateral folds also 
unite across the midline to form the clitoral hood or prepuce 
that covers the glans clitoris and distal parts of the body of 
the clitoris. Posterior to the vaginal orifice, the labia minora 
join, forming a transverse skin fold (the fourchette). 

The labia majora are broad folds positioned lateral to the 
labia minora. They come together in front to form the 
mons pubis, which overlies the inferior aspect of the pubic 
symphysis. The posterior ends of the labia majora are sepa- 
rated by a depression termed the posterior commissure, 
which overlies the position of the perineal body. 

The cervix is visible when the vaginal canal is opened 
with a speculum (Fig. 5.84E). The external cervical os 
opens onto the surface of the dome-shaped cervix. A recess 
or gutter, termed the fornix, occurs between the cervix and 
the vaginal wall and is further subdivided, based on loca- 
tion, into anterior, posterior, and lateral fornices. 
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Bulb of vestibule 


Greater vestibular gland 


The roots of the clitoris occur deep to surface features of 
the perineum and are attached to the ischiopubic rami and 
the perineal membrane. 

The bulbs of the vestibule (Fig. 5.84F), composed of 
erectile tissues, lie deep to the labia minora on either side 
of the vestibule. These erectile masses are continuous, via 
thin bands of erectile tissues, with the glans clitoris, which 
is visible under the clitoral hood. The greater vestibular 
glands occur posterior to the bulbs of the vestibule on 
either side of the vaginal orifice. 

The crura of clitoris are attached, one on each side, to 
the ischiopubic rami. Each crus is formed by the attached 
part of the corpus cavernosum. Anteriorly, these erectile 
corpora detach from bone, curve posteroinferiorly, and 
unite to form the body of the clitoris. 

The body of clitoris underlies the ridge of skin immedi- 
ately anterior to the clitoral hood (prepuce). The glans cli- 
toris is positioned at the end of the body of clitoris. 


Identification of structures in the 
urogenital triangle of men 


In men, the urogenital triangle contains the root of the 
penis. The testes and associated structures, although they 
migrate into the scrotum from the abdomen, are generally 
evaluated with the penis during a physical examination. 
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Pelvis and Perineum 


The scrotum in men is homologous to the labia majora 
in women. Each oval testis is readily palpable through the 
skin of the scrotum (Fig. 5.85A). Posterolateral to the testis 
is an elongated mass of tissue, often visible as a raised ridge 
that contains lymphatics and blood vessels of the testis, 
and the epididymis and ductus deferens. A midline raphe 
(Fig. 5.85B) is visible on the skin separating left and right 
sides of the scrotum. In some individuals, this raphe is 
prominent and extends from the anal aperture, over the 
scrotum and along the ventral surface of the body of the 
penis, to the frenulum of the glans. 

The root of the penis is formed by the attached parts of 
the corpus spongiosum and the corpora cavernosa. The 
corpus spongiosum is attached to the perineal membrane 


Body of penis 
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Position of perineal body 


Glans penis 
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and can be easily palpated as a large mass anterior to the 
perineal body. This mass, which is covered by the bulbo- 
spongiosus muscles, is the bulb of penis. 

The corpus spongiosum detaches from the perineal 
membrane anteriorly, becomes the ventral part of the body 
of penis (shaft of penis), and eventually terminates as the 
expanded glans penis (Figs. 5.85C and 5.85D). 

The crura of the penis, one crus on each side, are the 
attached parts of the corpora cavernosa and are anchored 
to the ischiopubic rami (Fig. 5.85E). The corpora caver- 
nosa are unattached anteriorly and become the paired 
erectile masses that form the dorsal part of the body of the 
penis. The glans penis caps the anterior ends of the corpora 
cavernosa. 


Glans penis 


Ischial tuberosity 


Ventral surface 
of body of penis 


Fig. 5.85 Structures in the urogenital triangle of a man. A. Inferior view. B. Ventral surface of the body of the penis. 








C D 
Dorsal surface of 
body of penis 
Neck of glans 
Corona of glans 
7 Prepuce 
Urethral orifice Glans penis 
E 


Body of penis (unattached parts 
of corpus spongiosum and 


Glans penis 
corpora cavernosa) 


Crus of penis (attached part 
of corpus cavernosum) 


Bulb of penis (attached part 
of corpus spongiosum) 


Position of perineal body 





Fig. 5.85, cont’d Structures in the urogenital triangle of a man. C. Anterior view of the glans penis showing the urethral opening. D. Lateral 
view of the body of the penis and glans. E. Inferior view of the urogenital triangle of a man with the erectile tissues of the penis indicated 
with overlays. 
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Clinical cases 


Case 1 
VARICOCELE 


A 25-year-old man visited his family physician 
because he had a “dragging feeling” in the left side 
of his scrotum. He was otherwise healthy and had 
no other symptoms. During examination, the 
physician palpated the left testis, which was 
normal, although he noted soft nodular swelling 
around the superior aspect of the testes and the 
epididymis. In his clinical notes, he described these 
findings as a “bag of worms” (Fig. 5.86). The bag of 
worms was a varicocele. 


The venous drainage of the testis is via the pampiniform 
plexus of veins that runs within the spermatic cord. A 
varicocele is a collection of dilated veins that arise from 
the pampiniform plexus. In many ways, they are similar 
to varicose veins that develop in the legs. Typically, the 
patient complains of a dragging feeling in the scrotum 
and around the testis, which is usually worse toward the 
end of the day. 


The family physician recommended surgical treatment, 
with a recommendation for surgery through an 
inguinal incision. 


A simple surgical technique divides the skin around the 
inguinal ligament. The aponeurosis of the external 
oblique muscle is divided in the anterior abdominal wall 
to display the spermatic cord. Careful inspection of the 
spermatic cord reveals the veins, which are surgically 
ligated. 


Another option is to embolize the varicocele. 


In this technique, a small catheter is placed via the right 
femoral vein. The catheter is advanced along the external 
iliac vein and the common iliac vein and into the inferior 
vena cava. The catheter is then positioned in the left 
renal vein, and a venogram is performed to demonstrate 
the origin of the left testicular vein. The catheter is 
advanced down the left testicular vein into the veins of 
the inguinal canal and the pampiniform plexus. Metal 
coils to occlude the vessels are injected, and the catheter 
is withdrawn. 


The patient asked how blood would drain from the 
testis after the operation. 


Although the major veins of the testis had been occluded, 
small collateral veins running within the scrotum and 
around the outer aspect of the spermatic cord permitted 
drainage without recurrence of the varicocele. 


Left testicular vein 





Penis Pampiniform plexus 


Fig. 5.86 Left testicular venogram demonstrating the 
pampiniform plexus of veins. 


Case 2 


SCIATIC NERVE COMPRESSION 


A young man developed pain in his right gluteal 
region, in the posterior aspect of the thigh and 
around the posterior and lateral aspects of the leg. 
On further questioning, he reported that the pain 
also radiated over the lateral part of the foot, 
particularly around the lateral malleolus. 


The areas of pain correspond to dermatomes L4 to 
S3 nerves. 


Over the following weeks, the patient began to 
develop muscular weakness, predominantly foot drop. 


These findings are consistent with loss of the motor 
function and sensory change in the common fibular 


Case 3 
PELVIC KIDNEY 


A young woman visited her family practitioner 
because she had mild upper abdominal pain. An 
ultrasound demonstrated gallstones within the 
gallbladder, which explained the patient’s pain. 
However, when the technician assessed the pelvis, 
she noted a mass behind the bladder, which had 
sonographic findings similar to a kidney (Fig. 5.87). 


What did the sonographer do next? Having 
demonstrated this pelvic mass behind the bladder, the 
sonographer assessed both kidneys. The patient had a 
normal right kidney. However, the left kidney could 
not be found in its usual place. The technician 
diagnosed a pelvic kidney. 


A pelvic kidney can be explained by the embryology. The 
kidneys develop from a complex series of structures that 
originate adjacent to the bladder within the fetal pelvis. 
As development proceeds and the functions of the 
various parts of the developing kidneys change, they 
attain a superior position in the upper abdomen adjacent 
to the abdominal aorta and inferior vena cava, on the 
posterior abdominal wall. A developmental arrest or 
complication may prevent the kidney from obtaining its 
usual position. Fortunately, it is unusual for patients to 
have any symptoms relating to a pelvic kidney. 
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nerve, which is a branch of the sciatic nerve in the lower 
limb. 


A computed tomography (CT) scan of the abdomen 

and pelvis revealed a mass in the posterior aspect of 
the right side of the pelvis. The mass was anterior to 
the piriformis muscle and adjacent to the rectum. 


On the anterior belly of the piriformis muscle, the sciatic 
nerve is formed from the roots of L4 to $3 nerves. The 
mass in the patient’s pelvis compressed this nerve, 
producing his sensory and motor dysfunction. 


During surgery, the mass was found to be a benign 
nerve tumor and was excised. This patient had no 
long-standing neurological deficit. 


This patient had no symptoms attributable to the 
pelvic kidney and she was discharged. 


Sacrum 


Pelvic kidney 





Bladder Rectum 


Fig. 5.87 Sagittal computed tomogram demonstrating a 
pelvic kidney. 505 
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Case 4 


LEFT COMMON ILIAC ARTERY OBSTRUCTION The pain in the left buttock is ischemic in nature. He gives 
a typical history relating to lack of blood flow to the 
muscles. A similar finding is present when muscular 
branches of the femoral artery are occluded or stenosed. 
Such patients develop similar (ischemic) pain in the calf 
muscles called intermittent claudication. 


A 65-year-old man was examined by a surgical 
intern because he had a history of buttock pain 
and impotence. On examination he had a reduced 
peripheral pulse on the left foot compared to the 
right. On direct questioning, the patient revealed 
that he experienced severe left-sided buttock pain How does the blood get to the gluteal muscles? 
after walking 100 yards. After a short period of 
rest, he could walk another 100 yards before the 
same symptoms recurred. He also noticed that over 
the past year he was unable to obtain an erection. 
He smoked heavily and was on no other drugs or 
treatment. 


Blood arrives at the aortic bifurcation and then passes 
into the common iliac arteries, which divide into the 
internal and external iliac vessels. The internal iliac artery 
then divides into anterior and posterior divisions, which 
in turn give rise to vessels that leave the pelvis by passing 
through the greater sciatic foramen and supply the 


A Left common iliac artery 





Aorta Lumbar artery 





Occluded left common iliac artery 








Left internal iliac artery 





Right external iliac artery Patent right iliac system 


Right internal iliac artery Left external iliac artery 


Fig. 5.88 Digital subtraction aorto-iliac angiogram. A. Normal circulation pattern. B. Occluded left common iliac artery. 


(continued) 
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Case 4 (continued) 


gluteal muscles. The internal pudendal artery also arises 
from the anterior division of the internal iliac artery and 
supplies the penis. 


The patient’s symptoms occur on the left side, 
suggesting that an obstruction exists on that side only. 


Because the patient’s symptoms occur on the left side 
only, the lesion is likely in the left common iliac artery 
(Fig. 5.88) and is preventing blood flow into the external 
and internal iliac arteries on the left side. 


“How will | be treated?” asked the patient. 


Case 5 


IATROGENIC URETERIC INJURY 


A 50-year-old woman was admitted to hospital for 
surgical resection of the uterus (hysterectomy) for 
cancer. The surgeon was also going to remove all 
the pelvic lymph nodes and carry out a bilateral 
salpingo-oophorectomy (removal of uterine tubes 
and ovaries). The patient was prepared for this 
procedure and underwent routine surgery. Twenty- 
five hours after surgery, it was noted that the 
patient had passed no urine and her abdomen was 
expanding. An ultrasound scan demonstrated a 
considerable amount of fluid within the abdomen. 
Fluid withdrawn from the abdomen was tested and 
found to be urine. 


It was postulated that this patient’s ureters had been 
damaged during the surgery. 


The pelvic part of the ureter courses posteroinferiorly and 
external to the parietal peritoneum on the lateral wall of 
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The patient was asked to stop smoking and begin regular 
exercise. Other treatment options include unblocking the 
lesion by ballooning the blockage to re-open the vessels 
or by a surgical bypass graft. 


Stopping smoking and regular exercise improved the 
patient’s walking distance. The patient underwent the 
less invasive procedure of ballooning the vessel 
(angioplasty) and as a result he was able to walk 
unhindered and to have an erection. 


the pelvis anterior to the internal iliac artery. It continues 
in its course to a point approximately 2 cm superior to 
the ischial spine and then passes anteromedially and 
superior to the levator ani muscles. Importantly, the 
ureter closely adheres to the peritoneum. The only 
structure that passes between the ureter and the 
peritoneum in men is the ductus deferens. In women, 
however, as the ureter descends on the pelvic wall, it 
passes under the uterine artery. The ureter continues 
close to the lateral fornix of the vagina, especially on the 
left, and enters the posterosuperior angle of the bladder. 
It was at this point that the ureter was inadvertently 
damaged. 


Knowing the anatomy and recognizing the possibility 
of ureteric damage enabled the surgeons to re- 
establish continuity of the ureter surgically. The 
patient was hospitalized a few days longer than 
expected and made an uneventful recovery. 
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Case 6 
ECTOPIC PREGNANCY 


A 25-year-old woman was admitted to the 
emergency department with a complaint of pain in 
her right iliac fossa. The pain had developed 
rapidly over approximately 40 minutes and was 
associated with cramps and vomiting. The surgical 
intern made an initial diagnosis of appendicitis. 


The typical history for appendicitis is a central 
abdominal, colicky (intermittent waxing and waning) 
pain, which over a period of hours localizes to become a 
constant pain in the right iliac fossa. The central colicky 
pain is typical for a poorly localized visceral type pain. As 
the parietal peritoneum becomes inflamed, the pain 
becomes localized. Although this patient does have right 
iliac fossa pain, the history is not typical for appendicitis 
(although it must be remembered that patients may not 
always have a classical history for appendicitis). 


The surgical intern asked a more senior colleague for 
an opinion. 


The senior colleague considered other anatomical 
structures that lie within the right iliac fossa as a 
potential cause of pain. These include the appendix, 


the cecum, and the small bowel. Musculoskeletal pain 
and referred pain could also be potential causes. In 
women, pain may also arise from the ovary, fallopian 
tube, and uterus. In a young patient, diseases of these 
organs are rare. Infection and pelvic inflammatory 
disease may occur in the younger patient and need to 
be considered. 


The patient gave no history of these disorders. 


Upon further questioning, however, the patient 
revealed that her last menstrual period was 6 weeks 
before this examination. The senior physician realized 
that a potential cause of the abdominal pain was a 
pregnancy outside the uterus (ectopic pregnancy).The 
patient was rushed for an abdominal ultrasound, 
which revealed no fetus or sac in the uterus. She was 
also noted to have a positive pregnancy test. The 
patient underwent surgery and was found to have a 
ruptured fallopian tube caused by an ectopic 
pregnancy. 


Whenever a patient has apparent pelvic pain, it is 
important to consider the gender-related anatomical 
differences. Ectopic pregnancy should always be 
considered in women of childbearing age. 


Case 7 


UTERINE TUMOR 


A 35-year-old woman visited her family 
practitioner because she had a “bloating” feeling 
and an increase in abdominal girth. The family 
practitioner examined the lower abdomen, which 
revealed a mass that extended from the superior 
pubic rami to the level of the umbilicus. The 
superior margin of the mass was easily palpated, 
but the inferior margin appeared to be less well 
defined. 


This patient has a pelvic mass. 


When examining a patient in the supine position, the 
observer should uncover the whole of the abdomen. 


Inspection revealed a bulge in the lower abdomen to 
the level of the umbilicus. Palpation revealed a hard 
and slightly irregular mass with well-defined superior 
and lateral borders and a less well-defined inferior 
border, giving the impression that the mass continued 
into the pelvis. The lesion was dull to percussion. 
Auscultation did not reveal any abnormal sounds. 


The doctor pondered which structures this mass may be 
arising from. When examining the pelvis, it is important 
to remember the sex differences. Common to both men 
and women are the rectum, bowel, bladder, and 
musculature. Certain pathological states are also 
common to both sexes, including the development of 
pelvic abscesses and fluid collections. 


In men, the prostate cannot be palpated 
transabdominally, and it is extremely rare for it to enlarge 
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to such an extent in benign diseases. Aggressive prostate 
cancer can spread throughout the whole of the pelvis, 
although this is often associated with bowel obstruction 
and severe bladder symptoms. 


In women, a number of organs can develop large masses, 
including the ovaries (solid and cystic tumors), the 
embryological remnants within the broad ligaments, and 
the uterus (pregnancy and fibroids). 


The physician asked further questions. 


It is always important to establish whether the patient is 
pregnant (occasionally, pregnancy may come as a 
surprise to the patient). 


This patient’s pregnancy test was negative. After the 
patient emptied her bladder, there was no change in 
the mass. The physician thought the mass might be a 
common benign tumor of the uterus (fibroid). To 
establish the diagnosis, he obtained an ultrasound 
scan of the pelvis, which confirmed that the mass 
stemmed from the uterus. 


The patient was referred to a gynecologist, and after a 
long discussion regarding her symptomatology, 
fertility, and risks, the surgeon and the patient agreed 
that a hysterectomy (surgical removal of the uterus) 
would be an appropriate course of therapy. 


The patient sought a series of opinions from other 
gynecologists, all of whom agreed that surgery was 
the appropriate option. 


The fibroid was removed with no complications. 


509 


Chapter 6 Lower Limb 





Popliteal fossa 584 





General introduction 512 Leg 585 
Function 513 Bones 586 
Support the body weight 513 Joints 588 
Locomotion 515 Posterior compartment of leg 588 
Component parts 517 Lateral compartment of leg 595 
Bones and joints 517 Anterior compartment of leg 596 
Muscles 518 Foot 600 
Relationship to other regions 520 Bones 600 
Abdomen 520 Joints 605 
Pelvis 521 Tarsal tunnel, retinacula, and 
Perineum 521 arrangement of major structures at 
Key points 521 the ankle 612 
Innervation is by lumbar and sacral Arches of the foot 614 
spinal nerves 521 Plantar aponeurosis 615 
Nerves related to bone 525 Fibrous sheaths of toes 615 
Superficial veins 525 Extensor hoods 616 
Intrinsic muscles 616 
: Arteries 622 
Regional anatomy 526 Veins 624 
Nerves 624 
Bony pelvis 526 
Proximal femur 529 
Gateways to the lower limb 535 
Nerves 537 Lower limb surface anatomy 628 
Arteries 540 Avoiding the sciatic nerve 628 
Veins 542 Finding the femoral artery in the femoral 
Lymphatics 542 triangle 630 
Deep fascia and the saphenous opening 544 Identifying structures around the knee 630 
Femoral triangle 545 Visualizing the contents of the popliteal 
Gluteal region 547 fossa 632 
Muscles 548 Finding the tarsal tunnel—the gateway to 
Nerves 551 the foot 633 
Arteries 553 Identifying tendons around the ankle and 
Veins 554 in the foot 634 
Lymphatics 554 Finding the dorsalis pedis artery 635 
Thigh 555 Approximating the position of the plantar 
Bones 555 arterial arch 635 
Muscles 561 Major superficial veins 636 
Arteries 569 Pulse points 637 
Veins 573 
Nerves 573 


Knee joint 575 Clinical cases 638 





6 


Lower Limb 








512 


Lower limb 


Conceptual overview 


GENERAL INTRODUCTION 


The lower limb is directly anchored to the axial skeleton by 
a sacroiliac joint and by strong ligaments, which link the 
pelvic bone to the sacrum. Itis separated from the abdomen, 
back, and perineum by a continuous line (Fig. 6.1), 
which: 


= joins the pubic tubercle with the anterior superior iliac 
spine (position of the inguinal ligament) and then con- 
tinues along the iliac crest to the posterior superior iliac 
spine to separate the lower limb from the anterior and 
lateral abdominal walls; 

= passes between the posterior superior iliac spine and 
along the dorsolateral surface of the sacrum to the 
coccyx to separate the lower limb from the muscles of 
the back; and 

= joins the medial margin of the sacrotuberous ligament, 
the ischial tuberosity, the ischiopubic ramus, and the 
pubic symphysis to separate the lower limb from the 
perineum. 


Posterior superior iliac spine 


Iliac crest 


Anterior superior 
iliac spine 


Sacrotuberous 
ligament 


Pubic tubercle 


Ischiopubic 
ramus 


Fig. 6.1 Upper margin of the lower limb. 





The lower limb is divided into the gluteal region, thigh, 
leg, and foot on the basis of major joints, component bones, 
and superficial landmarks (Fig. 6.2): 


= the gluteal region is posterolateral and between the 
iliac crest and the fold of skin (gluteal fold) that defines 
the lower limit of the buttocks; 

= anteriorly, the thigh is between the inguinal ligament 
and the knee joint—the hip joint is just inferior to the 
middle third of the inguinal ligament, and the posterior 
thigh is between the gluteal fold and the knee; 

= the leg is between the knee and ankle joint; 
the foot is distal to the ankle joint. 


The femoral triangle and popliteal fossa, as well as the 
posteromedial side of the ankle, are important areas of 
transition through which structures pass between regions 
(Fig. 6.3). 

The femoral triangle is a pyramid-shaped depression 
formed by muscles in the proximal regions of the thigh and 
by the inguinal ligament, which forms the base of the tri- 


Sacrum 


Sacroiliac joint 


Lower limb 


Anterior abdominal wall 


Anterior superior 
iliac spine 








Inguinal ligament 


Pubic tubercle 


Fig. 6.2 Regions of the lower limb. 


angle. The major blood supply and one of the nerves of the 
limb (femoral nerve) enter into the thigh from the abdomen 
by passing under the inguinal ligament and into the 
femoral triangle. 

The popliteal fossa is posterior to the knee joint and is 
a diamond-shaped region formed by muscles of the thigh 
and leg. Major vessels and nerves pass between the thigh 
and leg through the popliteal fossa. 

Most nerves, vessels, and flexor tendons that pass 
between the leg and foot pass through a series of canals 
(collectively termed the tarsal tunnel) on the posterome- 
dial side of the ankle. The canals are formed by adjacent 
bones and a flexor retinaculum, which holds the tendons 
in position. 


Gluteal region 
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Knee joint 
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Ankle joint 
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Gluteal fold 


FUNCTION 
Support the body weight 


A major function of the lower limb is to support the weight 
of the body with minimal expenditure of energy. When 
standing erect, the center of gravity is anterior to the edge 
of the SII vertebra in the pelvis (Fig. 6.4). The vertical line 
through the center of gravity is slightly posterior to the hip 
joints, anterior to the knee and ankle joints, and directly 
over the almost circular support base formed by the feet on 
the ground and holds the knee and hip joints in 
extension. 

The organization of ligaments at the hip and knee joints, 
together with the shape of the articular surfaces, particu- 
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Fig. 6.3 Areas of transition. 
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Fig. 6.4 Center and line of gravity. 
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Fig. 6.5 Movements of the hip joint. A. Flexion and extension. B. Abduction and adduction. 
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Fig. 6.5, contd Movements of the hip joint. C. External and internal rotation. D. Circumduction. 
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Fig. 6.6 Movements of the knee and ankle. A. Knee flexion and 
extension. B. Ankle dorsiflexion and plantarflexion. 


larly at the knee, facilitates “locking” of these joints into 
position when standing, thereby reducing the muscular 
energy required to maintain a standing position. 


Locomotion 


A second major function of the lower limbs is to move the 
body through space. This involves the integration of move- 
ments at all joints in the lower limb to position the foot on 
the ground and to move the body over the foot. 

Movements at the hip joint are flexion, extension, 
abduction, adduction, medial and lateral rotation, and cir- 
cumduction (Fig. 6.5). 

The knee and ankle joints are primarily hinge joints. 
Movements at the knee are mainly flexion and extension 
(Fig. 6.6A). Movements at the ankle are dorsiflexion (move- 
ment of the dorsal side of foot toward the leg) and plan- 
tarflexion (Fig. 6.6B). 

During walking, many anatomical features of the lower 
limbs contribute to minimizing fluctuations in the body’s 
center of gravity and thereby reduce the amount of energy 
needed to maintain locomotion and produce a smooth, effi- 
cient gait (Fig. 6.7). They include pelvic tilt in the coronal 
plane, pelvic rotation in the transverse plane, movement 
of the knees toward the midline, flexion of the knees, and 
complex interactions between the hip, knee, and ankle. As 
a result, during walking, the body’s center of gravity nor- 
mally fluctuates only 5cm in both vertical and lateral 
directions. 
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Pelvic rotation in transverse plane 
minimizes drop in center of gravity by 
effectively lengthening the limbs 


External rotation 
of hip joint 
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Knee flexion on full stance. Limb minimizes rise in 


center of gravity by effectively shortening the limb 
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Center of gravity with 
knee flexed 


Fig. 6.7 Some of the determinants of gait. 
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COMPONENT PARTS 


Bones and joints 


The bones of the gluteal region and the thigh are the pelvic 
bone and the femur (Fig. 6.8). The large ball and socket 
joint between these two bones is the hip joint. 

The femur is the bone of the thigh. At its distal end, its 
major weightbearing articulation is with the tibia, but it 
also articulates anteriorly with the patella (knee cap). The 
patella is the largest sesamoid bone in the body and is 
embedded in the quadriceps femoris tendon. 

The joint between the femur and tibia is the principal 
articulation of the knee joint, but the joint between the 
patella and femur shares the same articular cavity. 
Although the main movements at the knee are flexion and 
extension, the knee joint also allows the femur to rotate on 
the tibia. This rotation contributes to “locking” of the knee 
when fully extended, particularly when standing. 

The leg contains two bones: 


= the tibia is medial in position, is larger than the laterally 
positioned fibula, and is the weightbearing bone; 

= the fibula does not take part in the knee joint and forms 
only the most lateral part of the ankle joint—proxi- 
mally, it forms a small synovial joint (superior tibiofibu- 
lar joint) with the inferolateral surface of the head of the 
tibia. 


The tibia and fibula are linked along their lengths by an 
interosseous membrane, and at their distal ends by a 
fibrous inferior tibiofibular joint, and little movement 
occurs between them. The distal surfaces of the tibia and 
fibula together form a deep recess. The ankle joint is formed 
by this recess and part of one of the tarsal bones of the foot 
(talus), which projects into the recess. The ankle is most 
stable when dorsiflexed. 

The bones of the foot consist of the tarsal bones (Fig. 
6.9), the metatarsals, and the phalanges. There are seven 
tarsal bones, which are organized in two rows with an 
intermediate bone between the two rows on the medial 
side. Inversion and eversion of the foot, or turning the sole 
of the foot inward and outward, respectively, occur at 
joints between the tarsal bones. 

The tarsal bones articulate with the metatarsals at tar- 
sometatarsal joints, which allow only limited sliding 
movements. 

Independent movements of the metatarsals are re- 
stricted by deep transverse metatarsal ligaments, which 
effectively link together the distal heads of the bones at 
the metatarsophalangeal joints. There is a metatarsal 
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Fig. 6.8 Bones and joints of the lower limb. 
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for each of the five digits, and each digit has three phalan- 
ges except for the great toe (digit I), which has only two. 

The metatarsophalangeal joints allow flexion, exten- 
sion, abduction, and adduction of the digits, but the range 
of movement is more restricted than in the hand. 

The interphalangeal joints are hinge joints and allow 
flexion and extension. 

The bones of the foot are not organized in a single plane 
so that they lie flat on the ground. Rather, the metatarsals 
and tarsals form longitudinal and transverse arches (Fig. 
6.10). The longitudinal arch is highest on the medial side 
of the foot. The arches are flexible in nature and are sup- 
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ported by muscles and ligaments. They absorb and trans- 
mit forces during walking and standing. 


Muscles 


Muscles of the gluteal region consist predominantly of 
extensors, rotators, and abductors of the hip joint (Fig. 
6.11). In addition to moving the thigh on a fixed pelvis, 
these muscles also control the movement of the pelvis rela- 
tive to the limb bearing the body’s weight (weightbearing 
or stance limb) while the other limb swings forward (swing 
limb) during walking. 
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Fig. 6.10 Longitudinal and transverse arches of the foot. 
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Fig. 6.11 Muscles of the gluteal region. Fig. 6.12 Major flexors of the hip. 519 
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Major flexor muscles of the hip (iliopsoas—psoas major 
and iliacus) do not originate in the gluteal region or the 
thigh. Instead, they are attached to the posterior abdomi- 
nal wall and descend through the gap between the ingui- 
nal ligament and pelvic bone to attach to the proximal end 
of the femur (Fig. 6.12). 

Muscles in the thigh and leg are separated into three 
compartments by layers of fascia, bones, and ligaments 
(Fig. 6.13). 

In the thigh, there are medial (adductor), anterior 
(extensor), and posterior (flexor) compartments: 


most muscles in the medial compartment act mainly on 
the hip joint; 

the large muscles (hamstrings) in the posterior com- 
partment act on the hip (extension) and knee (flexion) 
because they attach to both the pelvis and bones of the 
leg; 

muscles in the anterior compartment (quadriceps 
femoris) predominantly extend the knee. 


Muscles in the leg are divided into lateral (fibular), ante- 
rior, and posterior compartments: 


muscles in the lateral compartment predominantly 
evert the foot; 

muscles in the anterior compartment dorsiflex the foot 
and extend the digits; 

muscles in the posterior compartment plantarflex the 
foot and flex the digits; one of the muscles can also flex 
the knee because it attaches superiorly to the femur. 


Specific muscles in each of the three compartments in 
the leg also provide dynamic support for the arches of the 
foot. 

Muscles found entirely in the foot (intrinsic muscles) 
modify the forces produced by tendons entering the toes 
from the leg and provide dynamic support for the longitu- 
dinal arches of the foot when walking, particularly when 
levering the body forward on the stance limb just before 
toe-off. 


RELATIONSHIP TO 
OTHER REGIONS 


Unlike in the upper limb where most structures pass 
between the neck and limb through a single axillary inlet, 
in the lower limb, there are four major entry and exit points 
between the lower limb and the abdomen, pelvis, and 
perineum (Fig. 6.14). These are: 


Anterior compartment 
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Fig. 6.13 Muscle compartments in the thigh and leg. 


the gap between the inguinal ligament and pelvic 
bone; 

the greater sciatic foramen; 

the obturator canal (at the top of the obturator fo- 
ramen); and 

the lesser sciatic foramen. 


Abdomen 


The lower limb communicates directly with the abdomen 
through a gap between the pelvic bone and the inguinal 
ligament (Fig. 6.14). Structures passing though this gap 
include: 


= muscles—psoas major, iliacus, and pectineus; 

= nerves—femoral and femoral branch of the genitofemo- 
ral nerves, and the lateral cutaneous nerve of thigh; 

= vessels—femoral artery and vein; and 

= lymphatics. 


This gap between the pelvic bone and the inguinal liga- 
ment is a weak area in the abdominal wall and often asso- 
ciated with abnormal protrusion of the abdominal cavity 
and contents into the thigh (femoral hernia). This type of 
hernia usually occurs where the lymphatic vessels pass 
through the gap (the femoral canal). 


Pelvis 


Structures within the pelvis communicate with the lower 
limb through two major apertures (Fig. 6.14). 

Posteriorly, structures communicate with the gluteal 
region through the greater sciatic foramen and include: 


Greater sciatic foramen Sacrotuberous ligament 
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Fig. 6.14 Apertures of communication between the lower limb 
and other regions. 


= amuscle—piriformis; 

= mnerves—sciatic, superior and inferior gluteal, and 
pudendal nerves; and 

= vessels—superior and inferior gluteal arteries and veins, 
and the internal pudendal artery. 


The sciatic nerve is the largest peripheral nerve of the 
body and is the major nerve of the lower limb. 

Anteriorly, the obturator nerve and vessels pass between 
the pelvis and thigh through the obturator canal. This 
canal is formed between bone at the top of the obturator 
foramen and the obturator membrane, which closes most 
of the foramen during life. 


Perineum 


Structures pass between the perineum and gluteal region 
through the lesser sciatic foramen (Fig. 6.14). The most 
important with respect to the lower limb is the tendon of 
the obturator internus muscle. 

The nerve and artery of the perineum (the internal 
pudendal artery and pudendal nerve) pass out of the pelvis 
through the greater sciatic foramen into the gluteal region 
and then immediately pass around the ischial spine and 
sacrospinous ligament and through the lesser sciatic 
foramen to enter the perineum. 


KEY POINTS 


Innervation is by lumbar and 
sacral spinal nerves 


Somatic motor and general sensory innervation of the 
lower limb is by peripheral nerves emanating from the 
lumbar and sacral plexuses on the posterior abdominal 
and pelvic walls. These plexuses are formed by the anterior 
rami of L1 to L3 and most of L4 (lumbar plexus) and L4 to 
S5 (sacral plexus). 

Nerves originating from the lumbar and sacral plexuses 
and entering the lower limb carry fibers from spinal cord 
levels L1 to S3 (Fig. 6.15). Nerves from lower sacral seg- 
ments innervate the perineum. Terminal nerves exit the 
abdomen and pelvis through a number of apertures and 
foramina and enter the limb. As a consequence of this 
innervation, lumbar and upper sacral nerves are tested 





521 


Lower limb 





clinically by examining the lower limb. In addition, clinical 
signs (such as pain, pins and needles, paresthesia, and fas- 
cicular muscle twitching) resulting from any disorder 
affecting these spinal nerves (e.g., herniated intervertebral 
disc in the lumbar region) appear in the lower limb. 

Dermatomes in the lower limb are shown in Fig. 6.16. 
Regions that can be tested for sensation and are reasonably 
autonomous (have minimal overlap) are: 


Lumbar 


llio-inguinal (L1) 
lliohypogastric (L1) 


Genitofemoral (L1, L2) 


Lateral cutaneous nerve 
of thigh (L2, L3) 


Sacrospinous ligament 
Femoral nerve (L2 to L4) 


Obturator nerve (L2 to L4) 
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over the inguinal ligament—L1; 

lateral side of the thigh—L2; 

lower medial side of the thigh—L3; 
medial side of the great toe (digit I)—L4; 
medial side of digit I—L5; 

little toe (digit V)—S1; 

back of the thigh—S2; and 

skin over the gluteal fold—S3. 


Sacral 


Superior gluteal nerve (L4 to $1) 


Sciatic nerve (L4 to S3) 


Inferior gluteal nerve (L5 to S2) 


Pudendal nerve (S2 to S4) 


Tibial nerve (branch of sciatic) 
(L4 to S3) 


Common fibular nerve (branch of sciatic) 
(L4 to S2) 


The dermatomes of S4 and S5 are tested in the 
perineum. 

Selected joint movements are used to test myotomes 
(Fig. 6.17). For example: 


= flexion of the hip is controlled primarily by L1 and 
L2; 

= extension of the knee is controlled mainly by L3 and 
L4; 
knee flexion is controlled mainly by L5 to S2; 
plantarflexion of the footis controlled predominantly by 
S1 and S2; and 

= adduction of the digits is controlled by S2 and S3. 


In an unconscious patient, both somatic sensory and 
somatic motor functions of spinal cord levels can be tested 
using tendon reflexes: 





Fig. 6.16 Dermatomes of the lower limb. Dots indicate 
autonomous zones (i.e., with minimal overlap). 
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Fig. 6.18 Major nerves of the lower limb (colors indicate regions 
of motor innervation. 
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a tap on the patellar ligament at the knee tests predomi- 
nantly L3 and L4; 

a tendon tap on the calcaneal tendon posterior to the 
ankle (tendon of gastrocnemius and soleus) tests S1 and 
So: 


Each of the major muscle groups or compartments in 
the lower limb is innervated primarily by one or more of 
the major nerves that originate from the lumbar and sacral 
plexuses (Fig. 6.18): 


large muscles in the gluteal region are innervated by 
the superior and inferior gluteal nerves; 

most muscles in the anterior compartment of the thigh 
are innervated by the femoral nerve (except the tensor 
fasciae latae, which are innervated by the superior 
gluteal nerve); 

most muscles in the medial compartment are inner- 
vated mainly by the obturator nerve (except the 
pectineus, which is innervated by the femoral nerve, 
and part of the adductor magnus, which is innervated 
by the tibial division of the sciatic nerve); 

most muscles in the posterior compartment of the thigh 
and the leg and in the sole of the foot are innervated by 
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Fig. 6.19 Regions of skin innervated by peripheral nerves. 


Lateral cutaneous 
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(from sacral plexus) 
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Tibial nerve (sural nerve) 
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the tibial part of the sciatic nerve (except the short head 
of the biceps femoris in the posterior thigh, which is 
innervated by the common fibular division of the sciatic 
nerve); 

the anterior and lateral compartments of the leg and 
muscles associated with the dorsal surface of the foot 
are innervated by the common fibular part of the sciatic 
nerve. 


In addition to innervating major muscle groups, each of 
the major peripheral nerves originating from the lumbar 
and sacral plexuses carries general sensory information 
from patches of skin (Fig. 6.19). Sensation from these areas 
can be used to test for peripheral nerve lesions: 


the femoral nerve innervates skin on the anterior thigh, 
medial side of the leg, and medial side of the ankle; 
the obturator nerve innervates the medial side of the 
thigh; 

the tibial part of the sciatic nerve innervates the lateral 
side of the ankle and foot; 

the common fibular nerve innervates the lateral side of 
the leg and the dorsum of the foot. 


Posterior rami (L1 to L3) 


Posterior rami (S1 to S3) 





Obturator nerve 


Femoral nerve (saphenous nerve) 


Tibial nerve (sural nerve) 


Tibial nerve (medial calcaneal 
branches) 


Nerves related to bone 


The common fibular branch of the sciatic nerve curves 
laterally around the neck of the fibula when passing from 
the popliteal fossa into the leg (Fig. 6.20). The nerve can 
be rolled against bone just distal to the attachment of biceps 
femoris to the head of the fibula. In this location, the nerve 
can be damaged by impact injuries, fractures to the bone, 
or leg casts that are placed too high. 


Superficial veins 


Large veins embedded in the subcutaneous (superficial) 
fascia of the lower limb (Fig. 6.21) often become distended 
(varicose). These vessels can also be used for vascular 
transplantation. 
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Fig. 6.20 Nerves related to bone. 





The most important superficial veins are the great and 
small saphenous veins, which originate from the medial 
and lateral sides, respectively, of a dorsal venous arch in 
the foot. 


= The great saphenous vein passes up the medial side of 
the leg, knee, and thigh to pass through an opening in 
deep fascia covering the femoral triangle and join with 
the femoral vein. 

= The small saphenous vein passes behind the distal end 
of the fibula (lateral malleolus) and up the back of the 
leg to penetrate deep fascia and join the popliteal vein 
posterior to the knee. 
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Fig. 6.21 Superficial veins. 
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Regional anatomy 


Bony pelvis 


The external surfaces of the pelvic bones, sacrum, and 
coccyx are predominantly the regions of the pelvis associ- 
ated with the lower limb, although some muscles do origi- 
nate from the deep or internal surfaces of these bones and 
from the deep surfaces of the lumbar vertebrae, above (Fig. 
6.22). 

Each pelvic bone is formed by three bones (ilium, 
ischium, and pubis), which fuse during childhood. The 
ilium is superior and the pubis and ischium are antero- 
inferior and posteroinferior, respectively. 

The ilium articulates with the sacrum. The pelvic bone 
is further anchored to the end of the vertebral column 
(Sacrum and coccyx) by the sacrotuberous and sacrospi- 
nous ligaments, which attach to a tuberosity and spine on 
the ischium. 

The outer surface of the ilium, and the adjacent surfaces 
of the sacrum, coccyx, and sacrotuberous ligament, are 
associated with the gluteal region of the lower limb and 
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Fig. 6.22 External surface of the bony pelvis. Lateral view. 


provide extensive muscle attachment. The ischial tuberos- 
ity provides attachment for many of the muscles in the 
posterior compartment of the thigh, and the ischiopubic 
ramus and body of the pubis are associated mainly with 
muscles in the medial compartment of the thigh. The head 
of the femur articulates with the acetabulum on the lateral 
surface of the pelvic bone. 


Ilium 


The upper fan-shaped part of the ilium is associated on its 
inner side with the abdomen and on its outer side with the 
lower limb. The top of this region is the iliac crest, which 
ends anteriorly as the anterior superior iliac spine and 
posteriorly as the posterior superior iliac spine. A 
prominent lateral expansion of the crest just posterior to 
the anterior superior iliac spine is the tuberculum of iliac 
crest. 

The anterior inferior iliac spine is on the anterior margin 
of the ilium, and below this, where the ilium fuses with the 
pubis, is a raised area of bone (the iliopubic eminence). 
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The gluteal surface of the ilium faces posterolaterally 
and lies below the iliac crest. It is marked by three curved 
lines (inferior, anterior, and posterior gluteal lines), which 
divide the surface into four regions: 


= theinferior gluteal line originates just superior to the 
anterior inferior iliac spine and curves inferiorly across 
the bone to end near the posterior margin of the acetab- 
ulum—the rectus femoris muscle attaches to the ante- 
rior inferior iliac spine and to a roughened patch of 
bone between the superior margin of the acetabulum 
and the inferior gluteal line; 

= the anterior gluteal line originates from the lateral 
margin of the iliac crest between the anterior superior 
iliac spine and the tuberculum of iliac crest, and arches 
inferiorly across the ilium to disappear just superior to 
the upper margin of the greater sciatic foramen—the 
gluteus minimus muscle originates from between the 
inferior and anterior gluteal lines; 

= the posterior gluteal line descends almost vertically 
from the iliac crest to a position near the posterior infe- 
rior iliac spine—the gluteus medius muscle attaches to 
bone between the anterior and posterior gluteal lines, 
and the gluteus maximus muscle attaches posterior to 
the posterior gluteal line. 


Acetabulum 


Body of pubic bone 


Ischiopubic ramus 


Obturator foramen 


For attachment of adductor magnus muscle 


Fig. 6.23 Ischial tuberosity. Posterolateral view. 





Ischial tuberosity 


The ischial tuberosity is posteroinferior to the acetabu- 
lum and is associated mainly with the hamstring muscles 
of the posterior thigh (Fig. 6.23). It is divided into upper 
and lower areas by a transverse line. 

The upper area of the ischial tuberosity is oriented verti- 
cally and is further subdivided into two parts by an oblique 
line, which descends, from medial to lateral, across the 
surface: 


= the more medial part of the upper area is for the attach- 
ment of the combined origin of the semitendinosus 
muscle and the long head of the biceps femoris 
muscle; 

= the lateral part is for the attachment of semimembrano- 
sus muscle. 


The lower area of the ischial tuberosity is oriented hori- 
zontally and is divided into medial and lateral regions by a 
ridge of bone: 


= the lateral region provides attachment for part of the 
adductor magnus muscle; 

= the medial part faces inferiorly and is covered by con- 
nective tissue and by a bursa. 


Ischial spine 


For attachment of semimembranosus muscle 


For attachment of semitendinosus and 
long head of biceps femoris muscles 


For attachment of sacrotuberous ligament 


Covered by connective tissue and bursa 
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When sitting, this medial part supports the body 
weight. 

The sacrotuberous ligament is attached to a sharp ridge 
on the medial margin of the ischial tuberosity. 


Ischiopubic ramus and pubic bone 


The external surfaces of the ischiopubic ramus anterior to 
the ischial tuberosity and the body of the pubis provide 
attachment for muscles of the medial compartment of the 
thigh (Fig. 6.23). These muscles include the adductor 
longus, adductor brevis, adductor magnus, pectineus, and 
gracilis. 


Acetabulum 


The large cup-shaped acetabulum for articulation with 
the head of the femur is on the lateral surface of the pelvic 
bone in the region where the ilium, pubis, and ischium fuse 
(Fig. 6.24). 

The margin of the acetabulum is marked inferiorly by a 
prominent notch (acetabular notch). 

The wall of the acetabulum consists of nonarticular and 
articular parts: 


the nonarticular part is rough and forms a shallow cir- 
cular depression (the acetabular fossa) in central and 
inferior parts of the acetabular floor—the acetabular 
notch is continuous with the acetabular fossa; 

the articular surface is broad and surrounds the ante- 
rior, superior, and posterior margins of the acetabular 
fossa. 


In the clinic 


Pelvic fractures 

The pelvic bones, sacrum, and associated joints form a 
bony ring surrounding the pelvic cavity. Soft tissue and 
visceral organ damage must be suspected when the pelvis 
is fractured. Patients with multiple injuries and evidence 
of chest, abdominal, and lower limb trauma should also 
be investigated for pelvic trauma. 

Pelvic fractures can be associated with appreciable 
blood loss (concealed exsanguination) and blood 
transfusion is often required. In addition, this bleeding 
tends to form a significant pelvic hematoma, which can 
compress nerves, press on organs, and inhibit pelvic 
visceral function (Fig. 6.25). 

There are many ways of classifying pelvic fractures, 
which enable the surgeon to determine the appropriate 


The smooth crescent-shaped articular surface (the 
lunate surface) is broadest superiorly where most of 
the body’s weight is transmitted through the pelvis to 
the femur. The lunate surface is deficient inferiorly at the 
acetabular notch. 

The acetabular fossa provides attachment for the liga- 
ment of the head of the femur, whereas blood vessels and 
nerves pass through the acetabular notch. 
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Fig. 6.24 Acetabulum. 


treatment and the patient’s prognosis. Pelvic fractures are 
generally of four types. 


= Type 1 injuries occur without disruption of the bony 
pelvic ring (e.g. a fracture of the iliac crest). These 
types of injuries are unlikely to represent significant 
trauma, though in the case of a fracture of the iliac 
crest, blood loss needs to be assessed. 

= Type 2 injuries occur with a single break in the bony 
pelvic ring. An example of this would be a single 
fracture with diastasis (separation) of the symphysis 
pubis. Again, these injuries are relatively benign in 
nature, but it may be appropriate to assess for blood 
loss. 


In the clinic—cont’d 


= Type 3 injuries occur with double breaks in the 
bony pelvic ring. These include bilateral fractures 
of the pubic rami, which may produce urethral 
damage. 

= Type 4 injuries occur at and around the 
acetabulum. 


Other types of pelvic ring injuries include fractures of 
the pubic rami and disruption of the sacroiliac joint with 
or without dislocation. This may involve significant 
visceral pelvic trauma and hemorrhage. 

Other general pelvic injuries include stress fractures 
and insufficiency fractures, as seen in athletes and 
elderly patients with osteoporosis, respectively. 


Fig. 6.25 Multiple fractures of the pelvis. Radiograph with 
contrast in the bladder. A large accumulation of blood is 
deforming the bladder. 


Proximal femur 


The femur is the bone of the thigh and the longest bone in 
the body. Its proximal end is characterized by a head and 
neck, and two large projections (the greater and lesser tro- 
chanters) on the upper part of the shaft (Fig. 6.26). 

The head of the femur is spherical and articulates with 
the acetabulum of the pelvic bone. It is characterized by a 
nonarticular pit (fovea) on its medial surface for the 
attachment of the ligament of the head. 

The neck of the femur is a cylindrical strut of bone that 
connects the head to the shaft of the femur. It projects 
superomedially from the shaft at an angle of approximately 
125°, and projects slightly forward. The orientation of the 
neck relative to the shaft increases the range of movement 
of the hip joint. 

The upper part of the shaft of the femur bears a greater 
and lesser trochanter, which are attachment sites for 
muscles that move the hip joint. 


Greater and lesser trochanters 


The greater trochanter extends superiorly from the shaft 
of the femur just lateral to the region where the shaft joins 
the neck of the femur (Fig. 6.26). It continues posteriorly 
where its medial surface is deeply grooved to form the tro- 
chanteric fossa. The lateral wall of this fossa bears a dis- 
tinct oval depression for attachment of the obturator 
externus muscle. 


Bladder 


iil 


Hematoma 





Fractures 


The greater trochanter has an elongate ridge on its 
anterolateral surface for attachment of the gluteus 
minimus and a similar ridge more posteriorly on its lateral 
surface for attachment of the gluteus medius. Between 
these two points, the greater trochanter is palpable. 

On the medial side of the superior aspect of the greater 
trochanter and just above the trochanteric fossa is a 
small impression for attachment of the obturator internus 
and its associated gemelli muscles, and immediately 
above and behind this feature is an impression on the 
margin of the trochanter for attachment of the piriformis 
muscle. 

The lesser trochanter is smaller than the greater tro- 
chanter and has a blunt conical shape. It projects postero- 
medially from the shaft of femur just inferior to the 
junction with the neck (Fig. 6.26). It is the attachment 
site for the combined tendons of psoas major and iliacus 
muscles. 

Extending between the two trochanters and separating 
the shaft from the neck of the femur are the intertrochan- 
teric line and intertrochanteric crest. 


Intertrochanteric line 


The intertrochanteric line is a ridge of bone on the ante- 
rior surface of the upper margin of the shaft that descends 
medially from a tubercle on the anterior surface of the base 
of the greater trochanter to a position just anterior to the 
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Fig. 6.26 Proximal end of the femur (right). A. Anterior view. B. Medial view. C. Posterior view. D. Lateral view. 


base of the lesser trochanter (Fig. 6.26). It is continuous 
with the pectineal line (spiral line), which curves medi- 
ally under the lesser trochanter and around the shaft of the 
femur to merge with the medial margin of the linea aspera 
on the posterior aspect of the femur. 


Intertrochanteric crest 


The intertrochanteric crest is on the posterior surface 
of the femur and descends medially across the bone from 
the posterior margin of the greater trochanter to the base 
of the lesser trochanter (Fig. 6.26). It is a broad smooth 
ridge of bone with a prominent tubercle (the quadrate 
tubercle) on its upper half, which provides attachment for 
the quadratus femoris muscle. 


Shaft of the femur 


The shaft of the femur descends from lateral to medial in 
the coronal plane at an angle of 7° from the vertical axis 
(Fig. 6.27). The distal end of the femur is therefore closer 
to the midline than the upper end of the shaft. 
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The middle third of the shaft of the femur is triangular 
in shape with smooth lateral and medial margins between 
anterior, lateral (posterolateral), and medial (posterome- 
dial) surfaces. The posterior margin is broad and forms a 
prominent raised crest (the linea aspera). 

The linea aspera is a major site of muscle attachment in 
the thigh. In the proximal third of the femur, the medial 
and lateral margins of the linea aspera diverge and con- 
tinue superiorly as the pectineal line and gluteal tuberos- 
ity, respectively (Fig. 6.27): 


= the pectineal line curves anteriorly under the lesser tro- 
chanter and joins the intertrochanteric line; 

= the gluteal tuberosity is a broad linear roughening that 
curves laterally to the base of the greater trochanter. 


The gluteus maximus muscle is attached to the gluteal 
tuberosity. 

The triangular area enclosed by the pectineal line, the 
gluteal tuberosity, and the intertrochanteric crest is the 
posterior surface of the proximal end of the femur. 





Intertrochanteric 


crest 
Lateral margin 


Posterior surface of 


Lateral proximal femur 


Lateral surface Gluteal tuberosity 


Pectineal line 
(Spiral line) 


Linea aspera 


Fig. 6.27 Shaft of the femur. On the right is a posterior view of proximal shaft of right femur. 
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In the clinic 


Blood supply to the femoral head and neck 

An extracapsular arterial ring is formed around the base of 
the femoral neck, posteriorly by a large branch of the 
medial femoral circumflex artery and anteriorly by smaller 
branches of the lateral femoral circumflex artery. This 
extracapsular arterial ring is further enhanced by blood 
supply from the superior and inferior gluteal arteries, 
although these branches have a smaller contribution and 


In the clinic 


Femoral neck fractures 
Most femoral neck fractures are intracapsular and disrupt 
the cervical vessels formed from the subsynovial intra- 
articular ring. The femoral head may therefore necrose. In 
certain cases it is prudent to operate and carry out a 
hemiarthroplasty or a total hip replacement (Fig. 6.28). 
Another typical fracture at and around the hip joint is 
the intertrochanteric fracture. The fracture line usually 
runs from the greater trochanter through to the lesser 
trochanter and does not involve the femoral neck. 
Intertrochanteric fractures preserve the femoral neck 
blood supply and do not render the femoral head 
ischemic. These types of fractures are repaired usually 
using a femoral plate and a pin, which runs through the 
central portion of the femoral neck to obtain alignment. 
These fractures heal well allowing early mobilization. 


Femoral shaft fracture 

An appreciable amount of energy is needed to fracture 
the femoral shaft. This type of injury is therefore 
accompanied by damage to the surrounding soft tissues, 
which include the muscle compartments and the 
structures they contain. Damage to any neurovascular 
structures needs to be attended to as soon as the fracture 
is reduced. 


Hip joint 
The hip joint is a synovial articulation between the head of 


the femur and the acetabulum of the pelvic bone (Fig. 
532 6.29A). The joint is a multi-axial ball and socket joint 


give rise to ascending branches that run along the femoral 
neck. From these branches, additional retinacular 
branches enter a subsynovial intra-articular ring. 

The blood supply to the femoral head and femoral 
neck is further enhanced by the artery of the ligamentum 
teres, which is derived from the obturator artery or the 
medial femoral circumflex artery. This vessel is generally 
small and variable. 





Fractured neck of femur 


Fig. 6.28 This radiograph of the pelvis, anteroposterior view, 
demonstrates a fracture of the neck of the femur. 


designed for stability and weightbearing at the expense of 
mobility. Movements at the joint include flexion, exten- 
sion, abduction, adduction, medial and lateral rotation, 
and circumduction. 
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Fig. 6.29 Hip joint. A. Articular surfaces. Anterior view. B. Movement of the neck of the femur during medial and lateral rotation. Superior 


view. 


When considering the effects of muscle action on the hip 
joint, the long neck of the femur and the angulation of the 
neck on the shaft of the femur must be borne in mind. For 
example, medial and lateral rotation of the femur involves 
muscles that move the greater trochanter forward and 
backward, respectively, relative to the acetabulum (Fig. 
6.29B). 

The articular surfaces of the hip joint are: 


= the spherical head of the femur; and 
= the lunate surface of the acetabulum of the pelvic 
bone. 


The acetabulum almost entirely encompasses the hemi- 
spherical head of the femur and contributes substantially 
to joint stability. The nonarticular acetabular fossa con- 
tains loose connective tissue. The lunate surface is covered 
by hyaline cartilage and is broadest superiorly. 

Except for the fovea, the head of the femur is also covered 
by hyaline cartilage. 

The rim of the acetabulum is raised slightly by a fibro- 
cartilaginous collar (the acetabular labrum). Inferiorly, the 
labrum bridges across the acetabular notch as the trans- 
verse acetabular ligament and converts the notch into 
a foramen (Fig. 6.30A). 


The ligament of head of femur is a flat band of deli- 
cate connective tissue that attaches at one end to the fovea 
on the head of the femur and at the other end to the ace- 
tabular fossa, transverse acetabular ligament, and margins 
of the acetabular notch (Fig. 6.30B). It carries a small 
branch of the obturator artery, which contributes to the 
blood supply of the head of the femur. 

The synovial membrane attaches to the margins of the 
articular surfaces of the femur and acetabulum, forms a 
tubular covering around the ligament of head of femur, 
and lines the fibrous membrane of the joint (Figs. 6.30B 
and 6.31). From its attachment to the margin of the head 
of the femur, the synovial membrane covers the neck of the 
femur before reflecting onto the fibrous membrane (Fig. 
6.31). 

The fibrous membrane that encloses the hip joint is 
strong and generally thick. Medially, it is attached to the 
margin of the acetabulum, the transverse acetabular liga- 
ment, and the adjacent margin of the obturator foramen 
(Fig. 6.32A). Laterally, it is attached to the intertrochan- 
teric line on the anterior aspect of the femur and to the 
neck of the femur just proximal to the intertrochanteric 
crest on the posterior surface. 
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Fig. 6.30 Hip joint. A. Transverse acetabular ligament. B. Ligament of the head of the femur. The head of the femur has been laterally 
rotated out of the acetabulum to show the ligament. 


Ligaments 


Three ligaments reinforce the external surface of the fibrous 
membrane and stabilize the joint: the iliofemoral, pubo- 
femoral, and ischiofemoral ligaments. 


= The iliofemoral ligament is anterior to the hip joint 
and is triangular-shaped (Fig. 6.32B). Its apex is 
attached to the ilium between the anterior inferior iliac 
spine and the margin of the acetabulum and its base is 
attached along the intertrochanteric line of the femur. 
Parts of the ligament attached above and below the 
intertrochanteric line are thicker than that attached to 
the central part of the line. This results in the ligament 
having a Y appearance. 

= The pubofemoral ligament is anteroinferior to the 
hip joint (Fig. 6.32B). It is also triangular in shape, with 
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its base attached medially to the iliopubic eminence, 
adjacent bone, and obturator membrane. Laterally, it 
blends with the fibrous membrane and with the deep 
surface of the iliofemoral ligament. 

The ischiofemoral ligament reinforces the posterior 
aspect of the fibrous membrane (Fig. 6.32C). It is 
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Fig. 6.31 Synovial membrane of the hip joint. 
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Fig. 6.32 Fibrous membrane and ligaments of the hip joint. A. Fibrous membrane of the joint capsule. Anterior view. B. Iliofemoral and 
pubofemoral ligaments. Anterior view. C. Ischiofemoral ligament. Posterior view. 


attached medially to the ischium, just posteroinferior to 
the acetabulum, and laterally to the greater trochanter 
deep to the iliofemoral ligament. 


The fibers of all three ligaments are oriented in a spiral 
fashion around the hip joint so that they become taut when 
the joint is extended. This stabilizes the joint and reduces 
the amount of muscle energy required to maintain a stand- 
ing position. 

Vascular supply to the hip joint is predominantly 
through branches of the obturator artery, medial and 
lateral circumflex femoral arteries, superior and inferior 
gluteal arteries, and the first perforating branch of the deep 
artery of the thigh. The articular branches of these vessels 
form a network around the joint (Fig. 6.33). 

The hip joint is innervated by articular branches from 
the femoral, obturator, and superior gluteal nerves, and 
the nerve to the quadratus femoris. 


Gateways to the lower limb 


There are four major routes by which structures pass from 
the abdomen and pelvis into and out of the lower limb. 
These are the obturator canal, the greater sciatic foramen, 
the lesser sciatic foramen, and the gap between the ingui- 


nal ligament and the anterosuperior margin of the pelvis 
(Fig. 6.34). 


Obturator canal 


The obturator canal is an almost vertically oriented pas- 
sageway at the anterosuperior edge of the obturator 
foramen (Fig. 6.34). It is bordered: 


= above by a groove (obturator groove) on the inferior 
surface of the superior ramus of the pubic bone; and 

= below by the upper margin of the obturator membrane, 
which fills most of the obturator foramen, and by 
muscles (obturator internus and externus) attached to 
the inner and outer surfaces of the obturator membrane 
and surrounding bone. 


The obturator canal connects the abdominopelvic 
region with the medial compartment of the thigh. The 
obturator nerve and vessels pass through the canal. 


Greater sciatic foramen 


The greater sciatic foramen is formed on the posterolat- 
eral pelvic wall and is the major route for structures to pass 
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Fig. 6.33 Blood supply of the hip joint. 


between the pelvis and the gluteal region of the lower limb 
(Fig. 6.34). The margins of the foramen are formed by: 


the greater sciatic notch; 
parts of the upper borders of the sacrospinous and 
sacrotuberous ligaments; and 

= the lateral border of the sacrum. 


The piriformis muscle passes out of the pelvis into the 
gluteal region through the greater sciatic foramen and 
separates the foramen into two parts, a part above the 
muscle and a part below: 


= the superior gluteal nerve and vessels pass through the 
greater sciatic foramen above the piriformis; 

= the sciatic nerve, inferior gluteal nerve and vessels, 
pudendal nerve and internal pudendal vessels, poste- 
rior cutaneous nerve of thigh, nerve to the obturator 
internus and gemellus superior and the nerve to the 
quadratus femoris and gemellus inferior pass through 
the greater sciatic foramen below the muscle. 


Lesser sciatic foramen 


The lesser sciatic foramen is inferior to the greater 
sciatic foramen on the posterolateral pelvic wall (Fig. 





Obturator artery 






Femoral artery 


6.34). It is also inferior to the lateral attachment of the 
pelvic floor (levator ani and coccygeus muscles) to the 
pelvic wall and therefore connects the gluteal region with 
the perineum: 


= the tendon of obturator internus passes from the lateral 
pelvic wall through the lesser sciatic foramen into the 
gluteal region to insert on the femur; 

= the pudendal nerve and internal pudendal vessels, 
which first exit the pelvis by passing through the greater 
sciatic foramen below the piriformis muscle, enter the 
perineum below the pelvic floor by passing around the 
ischial spine and sacrospinous ligament and medially 
through the lesser sciatic foramen. 


Gap between the inguinal ligament 
and pelvic bone 


The large crescent-shaped gap between the inguinal liga- 
ment above and the anterosuperior margin of the pelvic 
bone below is the major route of communication between 
the abdomen and the anteromedial aspect of the thigh (Fig. 
6.34). The psoas major, iliacus, and pectineus muscles 
pass through this gap to insert onto the femur. The major 
blood vessels (femoral artery and vein) and lymphatics of 
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Fig. 6.34 Gateways to the lower limb. 


the lower limb also pass through it, as does the femoral 
nerve, to enter the femoral triangle of the thigh. 


Nerves 


Nerves that enter the lower limb from the abdomen and 
pelvis are terminal branches of the lumbosacral plexus on 
the posterior wall of the abdomen and the posterolateral 
walls of the pelvis (Fig. 6.35 and Table 6.1). 

The lumbar plexus is formed by the anterior rami of 
spinal nerves L1 to L3 and part of L4 (see p. 378). The rest 
of the anterior ramus of L4 and the anterior ramus of L5 
combine to form the lumbosacral trunk, which enters 
the pelvic cavity and joins with the anterior rami of S1 to 
S3 and part of S4 to form the sacral plexus (see p. 463). 
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Major nerves that originate from the lumbosacral plexus 
and leave the abdomen and pelvis to enter the lower limb 
include the femoral nerve, obturator nerve, sciatic nerve, 
superior gluteal nerve, and inferior gluteal nerve. Other 
nerves that also originate from the plexus and enter the 
lower limb to supply skin or muscle include the lateral 
cutaneous nerve of the thigh, nerve to obturator internus, 
nerve to quadratus femoris, posterior cutaneous nerve of 
thigh, perforating cutaneous nerve, and branches of the 
ilio-inguinal and genitofemoral nerves. 


Femoral nerve 


The femoral nerve carries contributions from the ante- 
rior rami of L2 to L4 and leaves the abdomen by passing 
through the gap between the inguinal ligament and supe- 537 
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Fig. 6.35 Branches of the lumbosacral plexus. 


rior margin of the pelvis to enter the femoral triangle on 
the anteromedial aspect of the thigh (Fig. 6.34 and 
Table 6.1). In the femoral triangle it is lateral to the femoral 
artery. The femoral nerve: 


= innervates all muscles in the anterior compartment of 
the thigh; 

= in the abdomen, gives rise to branches that innervate 
the iliacus and pectineus muscles; and 

= innervates skin over the anterior aspect of the thigh, 
anteromedial side of the knee, the medial side of the leg, 
and the medial side of the foot. 


Obturator nerve 


The obturator nerve, like the femoral nerve, originates 
538 from L2 to L4. It descends along the posterior abdominal 


wall, passes through the pelvic cavity and enters the thigh 
by passing through the obturator canal (Fig. 6.35 and 
Table 6.1). The obturator nerve innervates: 


= all muscles in the medial compartment of the thigh, 
except the part of adductor magnus muscle that origi- 
nates from the ischium and the pectineus muscle, which 
are innervated by the sciatic and the femoral nerves, 
respectively; 
the obturator externus muscle; and 
skin on the medial side of the upper thigh. 


Sciatic nerve 


The sciatic nerve is the largest nerve of the body and 
carries contributions from L4 to S3. It leaves the pelvis 
through the greater sciatic foramen inferior to the pirifor- 


Table 6.1 Branches of the lumbosacral plexus associated with the lower limb 

Branch Spinal segments Function: motor 

llio-inguinal L1 No motor function in lower limb, but innervates 
muscles of the abdominal wall 

Genitofemoral Ei, 2 No motor function in lower limb, but genital branch 
innervates cremaster muscle in the wall of the 
spermatic cord in men 

Femoral L2 to L4 All muscles in the anterior compartment of thigh; in 
the abdomen, also gives rise to branches that supply 
iliacus and pectineus 

Obturator L2 to L4 All muscles in the medial compartment of thigh 
(except pectineus and the part of adductor magnus 
attached to the ischium); also innervates obturator 
externus 

Sciatic L4 to S3 All muscles in the posterior compartment of thigh 
and the part of adductor magnus attached to the 
ischium; all muscles in the leg and foot 

Superior gluteal L4 to S1 Muscles of the gluteal region (gluteus medius, 
gluteus minimus, tensor fasciae latae) 

Inferior gluteal L5 to 52 Muscle of the gluteal region (gluteus maximus) 

Lateral cutaneous L2, L3 

nerve of thigh 

Posterior S1 to $3 

cutaneous nerve 

of thigh 

Nerve to L4 to S1 Muscles of gluteal region (quadratus femoris and 

quadratus femoris gemellus inferior) 

Nerve to [5 to 52 Muscles of gluteal region (obturator internus and 

obturator internus gemellus superior) 

Perforating 52, 53 


cutaneous nerve 


Regional anatomy ° Nerves 





Function: sensory (cutaneous) 


Skin over anteromedial part of upper thigh 
and adjacent skin of perineum 


Femoral branch innervates skin on anterior 
central part of upper thigh; the genital branch 
innervates skin in anterior part of perineum 
(anterior scrotum in men, and mons pubis and 
anterior labia majora in women) 


Skin over the anterior thigh, anteromedial 
knee, medial side of the leg, and the medial 
side of the foot 


Skin over upper medial aspect of thigh 


Skin over lateral side of leg and foot, and over 
the sole and dorsal surface of foot 


Parietal peritoneum in iliac fossa; skin over 
anterolateral thigh 


Skin over gluteal fold and upper medial aspect 
of thigh and adjacent perineum, posterior 
aspect of thigh and upper posterior leg 


Skin over medial aspect of gluteal fold 


mis muscle, enters and passes through the gluteal region 
(Fig. 6.35 and Table 6.1), and then enters the posterior 
compartment of the thigh where it divides into its two 
major branches: 


the common fibular nerve; 
the tibial nerve. 


Posterior divisions of L4 to S2 are carried in the common 
fibular part of the nerve and the anterior divisions of L4 to 
S3 are carried in the tibial part. 

The sciatic nerve innervates: 


all muscles in the posterior compartment of the thigh; 
the part of adductor magnus originating from the 
ischium; 

all muscles in the leg and foot; 


skin on the lateral side of the leg and the lateral side and 
sole of the foot. 


Gluteal nerves 


The gluteal nerves are major motor nerves of the gluteal 
region. 

The superior gluteal nerve (Fig. 6.35 and Table 6.1) 
carries contributions from the anterior rami of L4 to S1, 
leaves the pelvis through the greater sciatic foramen above 
the piriformis muscle, and innervates: 


the gluteus medius and minimus muscles; and 
the tensor fasciae latae muscle. 


The inferior gluteal nerve (Fig. 6.35 and Table 6.1) 
is formed by contributions from L5 to S2, leaves the pelvis 
through the greater sciatic foramen inferior to the pirifor- 
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mis muscle, and enters the gluteal region to supply the 
gluteus maximus. 


llio-inguinal and genitofemoral nerves 


Terminal sensory branches of the ilio-inguinal nerve (L1) 
and the genitofemoral nerve (L1, L2) descend into the 
upper thigh from the lumbar plexus. 

The ilio-inguinal nerve originates from the superior 
part of the lumbar plexus, descends around the abdominal 
wall in the plane between transversus abdominis and 
internal oblique muscles, and then passes through the 
inguinal canal to leave the abdominal wall through the 
superficial inguinal ring (Fig. 6.35 and Table 6.1). Its ter- 
minal branches innervate skin on the medial side of the 
upper thigh and adjacent parts of the perineum. 

The genitofemoral nerve passes anteroinferiorly 
through the psoas major muscle on the posterior abdomi- 
nal wall and descends on the anterior surface of the psoas 
major (Fig. 6.35 and Table 6.1). Its femoral branch passes 
into the thigh by crossing under the inguinal ligament 
where it is lateral to the femoral artery. It passes superfi- 
cially to innervate skin over the upper central part of the 
anterior thigh. 


Lateral cutaneous nerve of thigh 


The lateral cutaneous nerve of thigh originates from 
L2 and L3. It leaves the abdomen either by passing through 
the gap between the inguinal ligament and the pelvic bone 
just medial to the anterior superior iliac spine or by passing 
directly through the inguinal ligament (Fig. 6.35 and 
Table 6.1). It supplies skin on the lateral side of the thigh. 


Nerve to quadratus femoris and nerve 
to obturator internus 


The nerve to quadratus femoris (L4 to S1) and the 
nerve to obturator internus (L5 to S2) are small motor 
nerves that originate from the sacral plexus. Both nerves 
pass through the greater sciatic foramen inferior to the 
piriformis muscle and enter the gluteal region (Fig. 6.34 
and Table 6.1): 


the nerve to obturator internus supplies the gemellus 
superior muscle in the gluteal region and then loops 
around the ischial spine and enters the perineum 
through the lesser sciatic foramen to penetrate the peri- 
neal surface of the obturator internus muscle; 

the nerve to quadratus femoris supplies the gemellus 
inferior and quadratus femoris muscles. 


Posterior cutaneous nerve of thigh 


The posterior cutaneous nerve of thigh is formed by 
contributions from S1 to S3 and leaves the pelvic cavity 


through the greater sciatic foramen inferior to the pirifor- 
mis muscle (Fig. 6.35 and Table 6.1). It passes vertically 
through the gluteal region deep to the gluteus maximus 
and enters the posterior thigh and innervates: 


a longitudinal band of skin over the posterior aspect of 
the thigh that continues into the upper leg; and 

skin over the gluteal fold, over the upper medial part of 
the thigh and in the adjacent regions of the perineum. 


Perforating cutaneous nerve 


The perforating cutaneous nerve is a small sensory 
nerve formed by contributions from S2 and S3. It leaves 
the pelvic cavity by penetrating directly through the sacro- 
tuberous ligament (Fig. 6.35 and Table 6.1) and passes 
inferiorly around the lower border of the gluteus maximus 
where it overlaps with the posterior cutaneous nerve of 
thigh in innervating skin over the medial aspect of the 
gluteal fold. 


Arteries 
Femoral artery 


The major artery supplying the lower limb is the femoral 
artery (Fig. 6.36), which is the continuation of the exter- 
nal iliac artery in the abdomen. The external iliac artery 
becomes the femoral artery as the vessel passes under the 
inguinal ligament to enter the femoral triangle in the ante- 
rior aspect of the thigh. Branches supply most of the thigh 
and all of the leg and foot. 


Superior and inferior gluteal arteries 
and the obturator artery 


Other vessels supplying parts of the lower limb include the 
superior and inferior gluteal arteries and the obturator 
artery (Fig. 6.36). 

The superior and inferior gluteal arteries originate 
in the pelvic cavity as branches of the internal iliac artery 
(see pp. 47 1-474) and supply the gluteal region. The supe- 
rior gluteal artery leaves the pelvis through the greater 
sciatic foramen above the piriformis muscle and the infe- 
rior gluteal artery leaves through the same foramen, but 
below the piriformis muscle. 

The obturator artery is also a branch of the internal 
iliac artery in the pelvic cavity (p. 474) and passes through 
the obturator canal to enter and supply the medial com- 
partment of the thigh. 

Branches of the femoral, inferior gluteal, superior gluteal 
and obturator arteries, together with branches from the 
internal pudendal artery of the perineum, interconnect to 
form an anastomotic network in the upper thigh and 
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Fig. 6.36 Arteries of the lower limb. 
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Lower limb 


gluteal region. The presence of these anastomotic channels 
may provide collateral circulation when one of the vessels 
is interrupted. 


Veins 


Veins draining the lower limb form superficial and deep 
groups. 

The deep veins generally follow the arteries (femoral, 
superior gluteal, inferior gluteal, and obturator). The major 
deep vein draining the limb is the femoral vein (Fig. 6.37). 
It becomes the external iliac vein when it passes under the 
inguinal ligament to enter the abdomen. 

The superficial veins are in the subcutaneous connec- 
tive tissue and are interconnected with and ultimately 
drain into the deep veins. The superficial veins form two 
major channels—the great saphenous vein and the small 
saphenous vein. Both veins originate from a dorsal venous 
arch in the foot: 


the great saphenous vein originates from the medial 
side of the dorsal venous arch, and then ascends up 
the medial side of the leg, knee, and thigh to connect 
with the femoral vein just inferior to the inguinal 
ligament; 

the small saphenous vein originates from the lateral 
side of the dorsal venous arch, ascends up the posterior 
surface of the leg, and then penetrates deep fascia to 
join the popliteal vein posterior to the knee; proximal 
to the knee, the popliteal vein becomes the femoral 
vein. 


Lymphatics 
Most lymphatic vessels in the lower limb drain into super- 


ficial and deep inguinal nodes located in the fascia just 
inferior to the inguinal ligament (Fig. 6.38). 


Superficial inguinal nodes 


The superficial inguinal nodes, approximately ten in 
number, are in the superficial fascia and parallel the course 
of the inguinal ligament in the upper thigh. Medially, they 
extend inferiorly along the terminal part of the great saphe- 
nous vein. 

Superficial inguinal nodes receive lymph from the 
gluteal region, lower abdominal wall, perineum, and 
superficial regions of the lower limb. They drain, via vessels 
that accompany the femoral vessels, into external iliac 
nodes associated with the external iliac artery in the 
abdomen. 
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Fig. 6.37 Veins of the lower limb. 


Deep inguinal nodes 


The deep inguinal nodes, up to three in number, are 
medial to the femoral vein (Fig. 6.38). 


Superficial inguinal nodes 


Great saphenous vein 


Fig. 6.38 Lymphatic drainage of the lower limb. 


The deep inguinal nodes receive lymph from deep lym- 
phatics associated with the femoral vessels and from the 
glans penis (or clitoris) in the perineum. They interconnect 
with the superficial inguinal nodes and drain into the 
external iliac nodes via vessels that pass along the medial 
side of the femoral vein as it passes under the inguinal liga- 
ment. The space through which the lymphatic vessels pass 
under the inguinal ligament is the femoral canal. 
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In addition to the inguinal nodes, there is a small collection 
of deep nodes posterior to the knee close to the popliteal 
vessels (Fig. 6.38). These popliteal nodes receive lymph 
from superficial vessels, which accompany the small saphe- 
nous vein, and from deep areas of the leg and foot. They 
ultimately drain into the deep and superficial inguinal 
nodes. 
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Lower limb 


In the clinic 


Varicose veins 

The normal flow of blood in the lower limbs is from the 
skin and subcutaneous tissues to the superficial veins, 
which drain via perforating veins to the deep veins, which 
in turn drain into the iliac veins and inferior vena cava. 

The normal flow of blood in the venous system 
depends upon the presence of competent valves, which 
prevent reflux. Venous return is supplemented with 
contraction of the muscles in the lower limb, which pump 
the blood toward the heart. When venous valves become 
incompetent they tend to place extra pressure on more 
distal valves, which may also become incompetent. This 
condition produces dilated tortuous superficial veins 
(varicose veins) in the distribution of the great (long) and 
small (short) saphenous venous systems. 

Varicose veins occur more commonly in women than 
in men, and symptoms are often aggravated by 
pregnancy. Some individuals have a genetic 
predisposition to developing varicose veins. Valves may 
also be destroyed when a deep vein thrombosis occurs if 
the clot incorporates the valve into its interstices; during 


In the clinic 


Deep vein thrombosis 

Thrombosis may occur in the deep veins of the lower limb 
and within the pelvic veins. Its etiology was eloquently 
described by Virchow, who described the classic triad 
(venous Stasis, injury to the vessel wall, and 
hypercoagulable states) that precipitates thrombosis. 

In some patients a deep vein thrombosis (DVT) in the 
calf veins may propagate into the femoral veins. This clot 
may break off and pass through the heart to enter the 
pulmonary circulation, resulting in occlusion of the 
pulmonary artery, cardiopulmonary arrest, and death. 

A significant number of patients undergoing surgery 
are likely to develop a DVT, so most surgical patients are 
given specific prophylactic treatment to prevent 


Deep fascia and the 
saphenous opening 


Fascia lata 


The outer layer of deep fascia in the lower limb forms a 
thick “stocking-like” membrane, which covers the limb 
and lies beneath the superficial fascia (Fig. 6.39A). This 
deep fascia is particularly thick in the thigh and gluteal 
region and is termed the fascia lata. 


the process of healing and recanalization the valve is 
destroyed, rendering it incompetent. 

Typical sites for valvular incompetence include the 
junction between the great (long) saphenous vein and the 
femoral vein, perforating veins in the midthigh, and the 
junction between the small (short) saphenous vein and 
the popliteal vein. 

Varicose veins may be unsightly, and soft tissue 
changes may occur with chronic venous incompetence. As 
the venous pressure rises, increased venular and capillary 
pressure damages the cells, and blood and blood 
products extrude into the soft tissue. This may produce a 
brown pigmentation in the skin, and venous eczema may 
develop. Furthermore, if the pressure remains high the 
skin may break down and ulcerate, and many weeks of 
hospitalization may be needed for this to heal. 

Treatments for varicose veins include tying off the 
valve, “stripping” (removing) the great (long) and small 
(short) saphenous systems, and in some cases valvular 
reconstruction. 


thrombosis. A typical DVT prophylactic regimen includes 
anticoagulant injections and graduated stockings (to 
prevent deep venous stasis and facilitate emptying of the 
deep veins). 

Although physicians aim to prevent the formation of 
DVT, it is not always possible to detect it because there 
may be no clinical signs. Calf muscle tenderness, 
postoperative pyrexia, and limb swelling can be helpful 
clues. The diagnosis is made by duplex Doppler 
sonography or ascending venography. 

If DVT is confirmed, intravenous and oral 
anticoagulation are started to prevent extension of the 
thrombus. 


The fascia lata is anchored superiorly to bone and soft 
tissues along a line of attachment that defines the upper 
margin of the lower limb. Beginning anteriorly and circling 
laterally around the limb, this line of attachment includes 
the inguinal ligament, iliac crest, sacrum, coccyx, sacrotu- 
berous ligament, inferior ramus of the pubic bone, body of 
the pubic bone, and superior ramus of the pubic bone. 

Inferiorly, the fascia lata is continuous with the deep 
fascia of the leg. 


Iliotibial tract 


The fascia lata is thickened laterally into a longitudinal 
band (the iliotibial tract), which descends along the 
lateral margin of the limb from the tuberculum of iliac crest 
to a bony attachment just below the knee (Fig. 6.39B). 

The superior aspect of the fascia lata in the gluteal 
region splits anteriorly to enclose the tensor fasciae latae 
muscle and posteriorly to enclose the gluteus maximus 
muscle: 


= the tensor fasciae latae muscle is partially enclosed by 
and inserts into the superior and anterior aspects of the 
iliotibial tract; 

= most of the gluteus maximus muscle inserts into the 
posterior aspect of the iliotibial tract. 


The tensor fasciae latae and gluteus maximus muscles, 
working through their attachments to the iliotibial tract, 
hold the leg in extension once other muscles have extended 
the leg at the knee joint. The iliotibial tract and its two 
associated muscles also stabilize the hip joint by preventing 
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Fig. 6.39 Fascia lata. A. Right limb. Anterior view. B. Lateral view. 


lateral displacement of the proximal end of the femur away 
from the acetabulum. 


Saphenous opening 


The fascia lata has one prominent aperture on the anterior 
aspect of the thigh just inferior to the medial end of the 
inguinal ligament (the saphenous opening), which 
allows the great saphenous vein to pass from superficial 
fascia through the deep fascia to connect with the femoral 
vein (Fig. 6.40). 

The margin of the saphenous opening is formed by the 
free medial edge of the fascia lata as it descends from the 
inguinal ligament and spirals around the lateral side of 
the great saphenous vein and medially under the femoral 
vein to attach to the pectineal line (pecten pubis) of the 
pelvic bone. 


Femoral triangle 


The femoral triangle is a wedge-shaped depression formed 
by muscles in the upper thigh at the junction between the 
anterior abdominal wall and the lower limb (Fig. 6.41): 
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Fig. 6.40 Saphenous ring. Anterior view. 
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Lower limb 


the base of the triangle is the inguinal ligament; 

the medial border is the medial margin of the adductor 
longus muscle in the medial compartment of the 
thigh; 


= the lateral margin is the medial margin of the sartorius 


muscle in the anterior compartment of the thigh; 


= the floor of the triangle is formed medially by the pec- 


tineus and adductor longus muscles in the medial com- 
partment of the thigh and laterally by the iliopsoas 
muscle descending from the abdomen; 


=m the apex of the femoral triangle points inferiorly and is 


continuous with a fascial canal (adductor canal), 
which descends medially down the thigh and posteri- 
orly through an aperture in the lower end of one of the 
largest of the adductor muscles in the thigh (the adduc- 
tor magnus muscle) to open into the popliteal fossa 
behind the knee. 
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Fig. 6.41 Boundaries of the femoral triangle. 


The femoral nerve, artery, and vein, and lymphatics 
pass between the abdomen and lower limb under the ingui- 
nal ligament and in the femoral triangle (Fig. 6.42). The 
femoral artery and vein pass inferiorly through the adduc- 
tor canal and become the popliteal vessels behind the knee 
where they meet and are distributed with branches of the 
sciatic nerve, which descends through the posterior thigh 
from the gluteal region. 

From lateral to medial, major structures in the femoral 
triangle are the femoral nerve, the femoral artery, the 
femoral vein, and lymphatic vessels. The femoral artery 
can be palpated in the femoral triangle just inferior to the 
inguinal ligament and midway between the anterior supe- 
rior iliac spine and the pubic symphysis. 
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Fig. 6.42 Contents of the femoral triangle. 


Femoral sheath 


In the femoral triangle, the femoral artery and vein and the 
associated lymphatic vessels are surrounded by a funnel- 
shaped sleeve of fascia (the femoral sheath). The sheath 
is continuous superiorly with the transversalis fascia and 
iliac fascia of the abdomen and merges inferiorly with con- 
nective tissue associated with the vessels. Each of the three 
structures surrounded by the sheath is contained within a 
separate fascial compartment within the sheath. The most 
medial compartment (the femoral canal) contains the 
lymphatic vessels and is conical in shape. The opening of 
this canal superiorly is potentially a weak point in the 
lower abdomen and is the site for femoral hernias. The 
femoral nerve is lateral to and not contained within the 
femoral sheath. 


In the clinic 


Vascular access to the lower limb 

Deep and inferior to the inguinal ligament are the 
femoral artery and femoral vein. The femoral artery is 
palpable as it passes over the femoral head and may be 
easily demonstrated using ultrasound. If arterial or 
venous access is needed rapidly, a physician can use the 
femoral approach to these vessels. 

Many radiological procedures involve catheterization 
of the femoral artery or the femoral vein to obtain 
access to the contralateral lower limb, the ipsilateral 
lower limb, the vessels of the thorax and abdomen, and 
the cerebral vessels. 

Cardiologists also use the femoral artery to place 
catheters in vessels around the arch of the aorta and 
into the coronary arteries to perform coronary 
angiography and angioplasty. 

Access to the femoral vein permits catheters to be 
maneuvered into the renal veins, the gonadal veins, the 
right atrium, and right side of the heart including the 
pulmonary artery and distal vessels of the pulmonary 
tree. Access to the superior vena cava and the great 
veins of the neck is also possible. 


GLUTEAL REGION 


The gluteal region lies posterolateral to the bony pelvis and 
proximal end of the femur (Fig. 6.43). Muscles in the region 
mainly abduct, extend, and laterally rotate the femur rela- 
tive to the pelvic bone. 





The gluteal region communicates anteromedially with 
the pelvic cavity and perineum through the greater and 
lesser sciatic foramina, respectively. Inferiorly, it is contin- 
uous with the posterior thigh. 

The sciatic nerve enters the lower limb from the pelvic 
cavity by passing through the greater sciatic foramen and 
descending through the gluteal region into the posterior 
thigh and then into the leg and foot. 

The pudendal nerve and internal pudendal vessels pass 
between the pelvic cavity and perineum by passing first 
through the greater sciatic foramen to enter the gluteal 
region and then immediately pass through the lesser sciatic 
foramen to enter the perineum. The nerve to the obturator 
internus and gemellus superior follows a similar course. 
Other nerves and vessels that pass through the greater 
sciatic foramen from the pelvic cavity supply structures in 
the gluteal region itself. 
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Fig. 6.43 Gluteal region. Posterior view. 


Lower limb 





Musc | es gluteus minimus, gluteus medius, and gluteus maximus; 
Muscles of the gluteal region (Table 6.2) compose mainly an additional muscle in this group, the tensor fasciae 
two groups: latae, stabilizes the knee in extension by acting on a 


specialized longitudinal band of deep fascia (the iliotib- 
ial tract) that passes down the lateral side of the thigh 
to attach to the proximal end of the tibia in the leg. 


a deep group of small muscles, which are mainly lateral 
rotators of the femur at the hip joint and include piri- 
formis, obturator internus, gemellus superior, gemellus 
inferior, and quadratus femoris; 

a more superficial group of larger muscles, which 


Many of the important nerves in the gluteal region are 
in the plane between the superficial and deep groups of 
muscles. 
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mainly abduct and extend the hip and include the 


Table 6.2 Muscles of the gluteal region (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion Innervation Function 
Piriformis Anterior surface of sacrum Medial side of superior border of Branches from _ Laterally rotates the extended femur at 
between anterior sacral greater trochanter of femur L5, S1, S2 hip joint; abducts flexed femur at hip 
foramina joint 
Obturator Anterolateral wall of true pelvis; Medial side of greater trochanter Nerve to Laterally rotates the extended femur at 
internus deep surface of obturator of femur obturator hip joint; abducts flexed femur at hip 
membrane and surrounding internus (L5, joint 
bone S1) 
Gemellus External surface of ischial spine Along length of superior surface Nerve to Laterally rotates the extended femur at 
superior of the obturator internus tendon obturator hip joint; abducts flexed femur at hip 
and into the medial side of internus (L5, joint 
greater trochanter of femur with S1) 
obturator internus tendon 
Gemellus Upper aspect of ischial Along length of inferior surface of Nerve to Laterally rotates the extended femur at 
inferior tuberosity the obturator internus tendon quadratus hip joint; abducts flexed femur at hip 
and into the medial side of femoris (L5, joint 
greater trochanter of femur with S1) 
obturator internus tendon 
Quadratus Lateral aspect of the ischium Quadrate tubercle on the Nerve to Laterally rotates femur at hip joint 
femoris just anterior to the ischial intertrochanteric crest of the quadratus 
tuberosity proximal femur femoris (L5, 
S1) 
Gluteus External surface of ilium Linear facet on the anterolateral Superior Abducts femur at hip joint; holds pelvis 
minimus between inferior and anterior aspect of the greater trochanter gluteal nerve secure over stance leg and prevents 
gluteal lines (L4, L5, S1) pelvic drop on the opposite swing side 
during walking; medially rotates thigh 
Gluteus External surface of ilium Elongate facet on the lateral Superior Abducts femur at hip joint; holds pelvis 
medius between anterior and posterior surface of the greater trochanter gluteal nerve secure over stance leg and prevents 
gluteal lines (L4, L5, S1) pelvic drop on the opposite swing side 
during walking; medially rotates thigh 
Gluteus Fascia covering gluteus medius, Posterior aspect of iliotibial tract Inferior gluteal Powerful extensor of flexed femur at hip 
maximus external surface of ilium behind of fascia lata and gluteal nerve (L5, S1, joint; lateral stabilizer of hip joint and 
posterior gluteal line, fascia of tuberosity of proximal femur S2) knee joint; laterally rotates and abducts 
erector spinae, dorsal surface of thigh 
lower sacrum, lateral margin of 
coccyx, external surface of 
sacrotuberous ligament 
Tensor Lateral aspect of crest of ilium lliotibial tract of fascia lata Superior Stabilizes the knee in extension 
fasciae between anterior superior iliac gluteal nerve 
latae spine and tubercle of the crest (L4, L5, S1) 


Deep group 

Piriformis 

The piriformis muscle is the most superior of the deep 
group of muscles (Fig. 6.44) and is a muscle of the pelvic 
wall and of the gluteal region (see p. 430). It originates 
from between the anterior sacral foramina on the antero- 
lateral surface of the sacrum and passes laterally and infe- 
riorly through the greater sciatic foramen. 

In the gluteal region, piriformis passes posterior to the 
hip joint and attaches to a facet on the upper margin of the 
greater trochanter of the femur. 

Piriformis externally rotates and abducts the femur at 
the hip joint and is innervated in the pelvic cavity by the 
nerve to piriformis, which originates as branches from L5, 
S1 and S2 of the sacral plexus (see p. 463). 

In addition to its action on the hip joint, the piriformis 
is an important landmark because it divides the greater 
sciatic foramen into two regions, one above and one below 
the piriformis. Vessels and nerves pass between the pelvis 
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and gluteal region by passing through the greater sciatic 
foramen either above or below the piriformis. 


Obturator internus 


The obturator internus muscle, like the piriformis 
muscle, is a muscle of the pelvic wall and of the gluteal 
region (Fig. 6.44). It is a flat fan-shaped muscle originating 
from the medial surface of the obturator membrane and 
adjacent bone of the obturator foramen (see p. 430). 
Because the pelvic floor attaches to a thickened band of 
fascia across the medial surface of the obturator internus, 
the obturator internus forms: 


= the anterolateral wall of the pelvic cavity above the 
pelvic floor; and 

= the lateral wall of the ischio-anal fossa in the perineum 
below the pelvic floor. 


The muscle fibers of the obturator internus converge to 
form a tendon, which bends 90° around the ischium 


Contraction of gluteus 
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Fig. 6.44 Deep muscles in the gluteal region. A. Posterior view. B. Function. 
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Lower limb 


between the ischial spine and ischial tuberosity and passes 
through the lesser sciatic foramen to enter the gluteal 
region. The tendon then passes posteroinferiorly to the hip 
joint and attaches to the medial surface of the superior 
margin of the greater trochanter of the femur just inferior 
to the attachment of the piriformis muscle. 

Obturator internus laterally rotates and abducts the 
femur at the hip joint and is innervated by the nerve to the 
obturator internus. 


Gemellus superior and inferior 


Gemellus superior and inferior (gemelli is Latin for “twins” ) 
are a pair of triangular muscles associated with the upper 
and lower margins of the obturator internus tendon (Fig. 
6.44): 


= the base of gemellus superior originates from the 
gluteal surface of the ischial spine; 

= the base of gemellus inferior originates from the 
upper gluteal and pelvic surfaces of the ischial 
tuberosity. 


Fibers of the gemellus muscles attach along the length 
of the obturator internus tendon, and the apices of the two 
muscles insert with the tendon of obturator internus on the 
greater trochanter of the femur. 

Gemellus superior is innervated by the nerve to the 
obturator internus, and the gemellus inferior is innervated 
by the nerve to the quadratus femoris. The gemellus 
muscles act with the obturator internus muscle to laterally 
rotate and abduct the femur at the hip joint. 


Quadratus femoris 


The quadratus femoris muscle is the most inferior of the 
deep group of muscles in the gluteal region (Fig. 6.44). It 
is a flat rectangular muscle below the obturator internus 
muscle and its associated gemellus muscles. 

Quadratus femoris is attached at one end to a linear 
roughening on the lateral aspect of the ischium just ante- 
rior to the ischial tuberosity and at the other end to the 
quadrate tubercle on the intertrochanteric crest of the 
proximal femur. 

Quadratus femoris laterally rotates the femur at the hip 
joint and is innervated by the nerve to the quadratus 
femoris. 


Superficial group 
Gluteus minimus and medius 


The gluteus minimus and medius muscles are two muscles 
of the more superficial group in the gluteal region (Fig. 
6.44). 


Gluteus minimus is a fan-shaped muscle that origi- 
nates from the external surface of the expanded upper part 
of the ilium, between the inferior gluteal line and the ante- 
rior gluteal line. The muscle fibers converge inferiorly and 
laterally to form a tendon, which inserts into a broad linear 
facet on the anterolateral aspect of the greater 
trochanter. 

Gluteus medius overlies gluteus minimus and is also 
fan shaped. It has a broad origin from the external surface 
of the ilium between the anterior gluteal line and posterior 
gluteal line and inserts on an elongate facet on the lateral 
surface of the greater trochanter. 

The gluteus medius and minimus muscles abduct the 
lower limb at the hip joint and reduce pelvic drop over the 
opposite swing limb during walking by securing the posi- 
tion of the pelvis on the stance limb (Fig. 6.44B). Both 
muscles are innervated by the superior gluteal nerve. 


Gluteus maximus 


Gluteus maximus is the largest muscle in the gluteal region 
and overlies most of the other gluteal muscles (Fig. 6.45). 

Gluteus maximus is quadrangular in shape and has a 
broad origin extending from a roughened area of the ilium 
behind the posterior gluteal line and along the dorsal 
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Fig. 6.45 Gluteus maximus muscle. Posterior view. 


surface of the lower sacrum and the lateral surface of the 
coccyx to the external surface of the sacrotuberous liga- 
ment. It is also attached to fascia overlying the gluteus 
medius muscle and, between the ilium and sacrum, to 
fascia covering the erector spinae muscle, and is often 
described as being enclosed within two layers of the fascia 
lata, which covers the thigh and gluteal region. 

Laterally, the upper and superficial lower parts of the 
gluteus maximus insert into the posterior aspect of a ten- 
dinous thickening of the fascia lata (the iliotibial tract), 
which passes over the lateral surface of the greater tro- 
chanter and descends down the thigh and into the upper 
leg. Deep distal parts of the muscle attach to the elongate 
gluteal tuberosity of the proximal femur. 

Gluteus maximus mainly extends the flexed thigh at the 
hip joint. Through its insertion into the iliotibial tract, it 
also stabilizes the knee and hip joints. It is innervated by 
the inferior gluteal nerve. 


Tensor fasciae latae 


The tensor fasciae latae muscle is the most anterior of the 
superficial group of muscles in the gluteal region and over- 
lies the gluteus minimus and the anterior part of the gluteus 
medius (Fig. 6.46). 

Tensor fasciae latae originates from the outer margin of 
the iliac crest from the anterior superior iliac spine to 
approximately the tuberculum of iliac crest. The muscle 
fibers descend to insert into the anterior aspect of the ilio- 
tibial tract of deep fascia, which runs down the lateral side 
of the thigh and attaches to the upper tibia. Like the gluteus 
maximus muscle, the tensor fasciae latae is enclosed within 
a compartment of the fascia lata. 

Tensor fasciae latae stabilizes the knee in extension and, 
working with the gluteus maximus muscle on the iliotibial 
tract lateral to the greater trochanter, stabilizes the hip 
joint by holding the head of the femur in the acetabulum 
(Fig. 6.46). It is innervated by the superior gluteal nerve. 


Nerves 


Seven nerves enter the gluteal region from the pelvis 
through the greater sciatic foramen (Fig. 6.47A): the supe- 
rior gluteal nerve, sciatic nerve, nerve to the quadratus 
femoris, nerve to the obturator internus, posterior cutane- 
ous nerve of the thigh, pudendal nerve, and inferior gluteal 
nerve. 

An additional nerve, the perforating cutaneous nerve, 
enters the gluteal region by passing directly through the 
sacrotuberous ligament. 

Some of these nerves, such as the sciatic and pudendal 
nerves, pass through the gluteal region en route to other 
areas. Nerves such as the superior and inferior gluteal 
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Fig. 6.46 Tensor fasciae latae. Left gluteal region, lateral view. 


nerves innervate structures in the gluteal region. Many of 
the nerves in the gluteal region are in the plane between 
the superficial and deep groups of muscles. 


Superior gluteal nerve 


Of all the nerves that pass through the greater sciatic 
foramen, the superior gluteal nerve is the only one that 
passes above the piriformis muscle (Fig. 6.47A). After 
entering the gluteal region, the nerve loops up over the 
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Fig. 6.47 Nerves of the gluteal region. A. Posterior view. 


inferior margin of gluteus minimus and travels anteriorly 
and laterally in the plane between the gluteus minimus 
and medius muscles. 

The superior gluteal nerve supplies branches to the 
gluteus minimus and medius muscles and terminates by 
innervating the tensor fasciae latae muscle. 


Sciatic nerve 


The sciatic nerve enters the gluteal region through the 
greater sciatic foramen inferior to the piriformis muscle 
(Fig. 6.47A). It descends in the plane between the superfi- 
cial and deep group of gluteal region muscles, crossing the 
posterior surfaces of first the obturator internus and associ- 
ated gemellus muscles and then the quadratus femoris 
muscle. It lies just deep to the gluteus maximus at the 
midpoint between the ischial tuberosity and the greater 
trochanter. At the lower margin of the quadratus femoris 
muscle, the sciatic nerve enters the posterior thigh. 

The sciatic nerve is the largest nerve in the body and 
innervates all muscles in the posterior compartment of the 
thigh that flex the knee and all muscles that work the ankle 
and foot. It also innervates a large area of skin in the lower 
limb. 
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Nerve to quadratus femoris 


The nerve to the quadratus femoris enters the gluteal 
region through the greater sciatic foramen inferior to the 
piriformis muscle and deep to the sciatic nerve (Fig. 6.47A). 
Unlike other nerves in the gluteal region, the nerve to the 
quadratus femoris lies anterior to the plane of the deep 
muscles. 

The nerve to the quadratus femoris descends along the 
ischium deep to the tendon of the obturator internus 
muscle and associated gemellus muscles to penetrate and 
innervate the quadratus femoris. It supplies a small branch 
to the gemellus inferior. 


Nerve to obturator internus 


The nerve to the obturator internus enters the gluteal 
region through the greater sciatic foramen inferior to the 
piriformis muscle and between the posterior cutaneous 
nerve of the thigh and the pudendal nerve (Fig. 6.47A). 
It supplies a small branch to the gemellus superior 
and then passes over the ischial spine and through the 
lesser sciatic foramen to innervate the obturator internus 
muscle from the medial surface of the muscle in the 
perineum. 


In the clinic 


Intramuscular injections 

From time to time it is necessary to administer drugs 
intramuscularly: that is, by direct injection into muscles. 
This procedure must be carried out without injuring 
neurovascular structures. A typical site for an 
intramuscular injection is the gluteal region. The sciatic 
nerve passes through this region and needs to be 
avoided. The safest place to inject is the upper outer 
quadrant of either gluteal region. 

The gluteal region can be divided into quadrants by 
two imaginary lines positioned using palpable bony 
landmarks (Fig. 6.47B). One line descends vertically from 
the highest point of the iliac crest. Another line is 
horizontal and passes through the first line midway 
between the highest point of the iliac crest and the 
horizontal plane through the ischial tuberosity. 

It is important to remember that the gluteal region 
extends as far forward as the anterior superior iliac spine. 
The sciatic nerve curves through the upper lateral corner 
of the lower medial quadrant and descends along the 
medial margin of the lower lateral quadrant. 

Occasionally, the sciatic nerve bifurcates into its tibial 
and common fibular branches in the pelvis, in which case 
the common fibular nerve passes into the gluteal region 
through, or even above, the piriformis muscle. 

The superior gluteal nerve and vessels normally enter 
the gluteal region above the piriformis and pass superiorly 
and forward. 

The anterior corner of the upper lateral quadrant is 
normally used for injections to avoid injuring any part of 


Posterior cutaneous nerve of the thigh 


The posterior cutaneous nerve of the thigh enters the 
gluteal region through the greater sciatic foramen inferior 
to the piriformis muscle and immediately medial to the 
sciatic nerve (Fig. 6.47A). It descends through the gluteal 
region just deep to the gluteus maximus and enters the 
posterior thigh. 

The posterior cutaneous nerve of the thigh has a number 
of gluteal branches, which loop around the lower margin 
of the gluteus maximus muscle to innervate skin over the 
gluteal fold. A small perineal branch passes medially to 
contribute to the innervation of skin of the scrotum or labia 
majora in the perineum. The main trunk of the posterior 
cutaneous nerve of the thigh passes inferiorly, giving rise 
to branches that innervate skin on the posterior thigh and 
leg. 


the sciatic nerve or other nerves and vessels in the gluteal 
region. A needle placed in this region enters the gluteus 
medius anterosuperior to the margin of the gluteus 
maximus. 
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Fig. 6.47, contd Nerves of the gluteal region. B. Site for 
intramuscular injections. 


Pudendal nerve 


The pudendal nerve enters the gluteal region through the 
greater sciatic foramen inferior to the piriformis muscle 
and medial to the sciatic nerve (Fig. 6.47A). It passes over 
the sacrospinous ligament and immediately passes through 
the lesser sciatic foramen to enter the perineum. The course 
of the pudendal nerve in the gluteal region is short and the 
nerve is often hidden by the overlying upper margin of the 
sacrotuberous ligament. 

The pudendal nerve is the major somatic nerve of the 
perineum and has no branches in the gluteal region. 


Inferior gluteal nerve 


The inferior gluteal nerve enters the gluteal region through 
the greater sciatic foramen inferior to the piriformis muscle 
and along the posterior surface of the sciatic nerve (Fig. 
6.47A). It penetrates and supplies the gluteus maximus 
muscle. 
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Lower limb 





Perforating cutaneous nerve 


The perforating cutaneous nerve is the only nerve in the 
gluteal region that does not enter the area through the 
greater sciatic foramen. It is a small nerve that leaves the 
sacral plexus in the pelvic cavity by piercing the sacrotu- 
berous ligament. It then loops around the lower border of 
the gluteus maximus to supply skin over the medial aspect 
of the gluteus maximus (Fig. 6.47A). 


Arteries 


Two arteries enter the gluteal region from the pelvic cavity 
through the greater sciatic foramen, the inferior gluteal 
artery and the superior gluteal artery (Fig. 6.48). They 
supply structures in the gluteal region and posterior thigh 
and have important collateral anastomoses with branches 
of the femoral artery. 
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Fig. 6.48 Arteries of the gluteal region. 
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Inferior gluteal artery 


The inferior gluteal artery originates from the anterior 
trunk of the internal iliac artery in the pelvic cavity. It 
leaves the pelvic cavity with the inferior gluteal nerve 
through the greater sciatic foramen inferior to the pirifor- 
mis muscle (Fig. 6.48). 

The inferior gluteal artery supplies adjacent muscles 
and descends through the gluteal region and into the pos- 
terior thigh where it supplies adjacent structures and anas- 
tomoses with perforating branches of the femoral artery. It 
also supplies a branch to the sciatic nerve. 


Superior gluteal artery 


The superior gluteal artery originates from the posterior 
trunk of the internal iliac artery in the pelvic cavity. It 
leaves the pelvic cavity with the superior gluteal nerve 
through the greater sciatic foramen above the piriformis 
muscle (Fig. 6.48). In the gluteal region, it divides into a 
superficial branch and a deep branch: 


= the superficial branch passes onto the deep surface of 
the gluteus maximus muscle; 

= the deep branch passes between the gluteus medius and 
minimus muscles. 


In addition to adjacent muscles, the superior gluteal 
artery contributes to the supply of the hip joint. Branches 
of the artery also anastomose with the lateral and medial 
femoral circumflex arteries from the deep femoral artery in 
the thigh, and with the inferior gluteal artery (Fig. 6.49). 


Veins 


Inferior and superior gluteal veins follow the inferior and 
superior gluteal arteries into the pelvis where they join the 
pelvic plexus of veins. Peripherally, the veins anastomose 
with superficial gluteal veins, which ultimately drain ante- 
riorly into the femoral vein. 


Lymphatics 
Deep lymphatic vessels of the gluteal region accompany 
the blood vessels into the pelvic cavity and connect with 
internal iliac nodes. 

Superficial lymphatics drain into the superficial ingui- 
nal nodes on the anterior aspect of the thigh. 
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Fig. 6.49 Anastomoses between gluteal arteries and vessels 
originating from the femoral artery in the thigh. Posterior view. 


THIGH 


The thigh is the region of the lower limb that is approxi- 
mately between the hip and knee joints (Fig. 6.50): 


= anteriorly, it is separated from the abdominal wall by 
the inguinal ligament; 

= posteriorly, it is separated from the gluteal region by the 
gluteal fold superficially, and by the inferior margins of 
the gluteus maximus and quadratus femoris on deeper 
planes. 


Structures enter and leave the top of the thigh by three 
routes: 


= posteriorly, the thigh is continuous with the gluteal 
region and the major structure passing between the 
two regions is the sciatic nerve; 

= anteriorly, the thigh communicates with the abdomi- 
nal cavity through the aperture between the inguinal 
ligament and pelvic bone, and major structures passing 
through this aperture are the iliopsoas and pectineus 
muscles, the femoral nerve, artery and vein, and lym- 
phatic vessels; 

= medially, structures (including the obturator nerve and 
associated vessels) pass between the thigh and pelvic 
cavity through the obturator canal. 


The thigh is divided into three compartments by inter- 
muscular septa between the posterior aspect of the femur 
and the fascia lata (the thick layer of deep fascia that com- 
pletely surrounds or invests the thigh; Fig. 6.50C): 


= theanterior compartment of thigh contains muscles 
that mainly extend the leg at the knee joint; 

= the posterior compartment of thigh contains 
muscles that mainly extend the thigh at the hip joint 
and flex the leg at the knee joint; 

= themedialcompartment of thigh consists of muscles 
that mainly adduct the thigh at the hip joint. 


The sciatic nerve innervates muscles in the posterior 
compartment of thigh, the femoral nerve innervates 
muscles in the anterior compartment of thigh, and the 
obturator nerve innervates most muscles in the medial 
compartment of thigh. 

The major artery, vein, and lymphatic channels enter 
the thigh anterior to the pelvic bone and pass through the 
femoral triangle inferior to the inguinal ligament. Vessels 
and nerves passing between the thigh and leg pass through 
the popliteal fossa posterior to the knee joint. 


Bones 


The skeletal support for the thigh is the femur. Most of the 
large muscles in the thigh insert into the proximal ends of 
the two bones of the leg (tibia and fibula) and flex and 
extend the leg at the knee joint. The distal end of the femur 
provides origin for the gastrocnemius muscles, which are 
predominantly in the posterior compartment of the leg and 
plantarflex the foot. 
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Fig. 6.50 Thigh. A. Posterior view. B. Anterior view. C. Cross-section through the midthigh. 


Shaft and distal end of femur 


The shaft of femur is bowed forward and has an oblique 
course from the neck of the femur to the distal end (Fig. 
6.51). As a consequence of this oblique orientation, the 
knee is close to the midline under the body’s center of 
gravity. 

The middle part of the shaft of femur is triangular in 
cross-section (Fig. 6.50D). In the middle part of the shaft, 
the femur has smooth medial (posteromedial), lateral (pos- 
terolateral), and anterior surfaces and medial, lateral, and 
posterior borders. The medial and lateral borders are 
rounded, whereas the posterior border forms a broad 
roughened crest—the linea aspera. 

In proximal and distal regions of the femur, the linea 
aspera widens to form an additional posterior surface. At 
the distal end of the femur, this posterior surface forms the 
floor of the popliteal fossa and its margins, which are con- 
tinuous with the linea aspera above, form the medial and 


lateral supracondylar lines. The medial supracondylar 
line terminates at a prominent tubercle (the adductor 
tubercle) on the superior aspect of the medial condyle 
of the distal end. Just lateral to the lower end of the medial 
supracondylar line is an elongate roughened area of bone 
for the proximal attachment of the medial head of the gas- 
trocnemius muscle (Fig. 6.51). 

The distal end of femur is characterized by two large 
condyles, which articulate with the proximal head of the 
tibia. The condyles are separated posteriorly by an inter- 
condylar fossa and are joined anteriorly where they 
articulate with the patella. 

The surfaces of the condyles that articulate with the 
tibia are rounded posteriorly and become flatter inferiorly. 
On each condyle, a shallow oblique groove separates the 
surface that articulates with the tibia from the more ante- 
rior surface that articulates with the patella. The surfaces 
of the medial and lateral condyles that articulate with the 
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Fig. 6.51 Shaft and distal end of femur. A. Lateral view. B. Anterior view. C. Posterior view. D. Cross-section through shaft of femur. 


patella form a V-shaped trench, which faces anteriorly. The 
lateral surface of the trench is larger and steeper than the 
medial surface. 

The walls of the intercondylar fossa bear two facets for 
the superior attachment of the cruciate ligaments, which 
stabilize the knee joint (Fig. 6.51): 


= the wall formed by the lateral surface of the medial 
condyle has a large oval facet, which covers most of the 
inferior half of the wall, for attachment of the proximal 
end of the posterior cruciate ligament; 

= the wall formed by the medial surface of the lateral 
condyle has a posterosuperior smaller oval facet for 


attachment of the proximal end of the anterior cruci- 
ate ligament. 


Epicondyles, for the attachment of collateral ligaments 
of the knee joint, are bony elevations on the nonarticular 
outer surfaces of the condyles (Fig. 6.51). Two facets sepa- 
rated by a groove are just posterior to the lateral 
epicondyle: 


= the upper facet is for attachment of the lateral head of 
the gastrocnemius muscle; 

= the inferior facet is for attachment of the popliteus 
muscle. 
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Lower limb 


The tendon of the popliteus muscle lies in the groove 
separating the two facets. 

The medial epicondyle is a rounded eminence on the 
medial surface of the medial condyle. Just posterosuperior 
to the medial epicondyle is the adductor tubercle. 


Patella 


The patella (knee cap) is the largest sesamoid bone (a bone 
formed within the tendon of a muscle) in the body and is 
formed within the tendon of the quadriceps femoris muscle 
as it crosses anterior to the knee joint to insert on the 
tibia. 

The patella is triangular: 


its apex is pointed inferiorly for attachment to the patel- 
lar ligament, which connects the patella to the tibia 
(Fig. 6.52); 

its base is broad and thick for the attachment of the 
quadriceps femoris muscle from above; 

its posterior surface articulates with the femur and has 
medial and lateral facets, which slope away from a 
raised smooth ridge—the lateral facet is larger than the 
medial facet for articulation with the larger correspond- 
ing surface on the lateral condyle of the femur. 








Proximal end of tibia 


The tibia is the medial and larger of the two bones in the 
leg, and is the only one that articulates with the femur at 
the knee joint. 

The proximal end of the tibia is expanded in the trans- 
verse plane for weightbearing and consists of a medial 
condyle and a lateral condyle, which are both flattened 
in the horizontal plane and overhang the shaft (Fig. 
6.53). 

The superior surfaces of the medial and lateral condyles 
are articular and separated by an intercondylar region, 
which contains sites of attachment for strong ligaments 
(cruciate ligaments) and interarticular cartilages (menisci) 
of the knee joint. 

The articular surfaces of the medial and lateral condyles 
and the intercondylar region together form a “tibial 
plateau,” which articulates with and is anchored to the 
distal end of the femur. Inferior to the condyles on the 
proximal part of the shaft is a large tibial tuberosity and 
roughenings for muscle and ligament attachments. 


Tibial condyles and intercondylar areas 


The tibial condyles are thick horizontal discs of bone 
attached to the top of the tibial shaft (Fig. 6.53). 
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Fig. 6.53 Proximal end of the tibia. A. Superior view, tibial plateau. 
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Fig. 6.53, cont’d Proximal end of the tibia. B. Anterior view. C. Posterior view. D. Cross-section through the shaft of tibia. 


The medial condyle is larger than the lateral condyle 
and is better supported over the shaft of the tibia. Its supe- 
rior surface is oval for articulation with the medial condyle 
of the femur. The articular surface extends laterally onto 
the side of the raised medial intercondylar tubercle. 

The superior surface of the lateral condyle is circular 
and articulates above with the lateral condyle of the femur. 
The medial edge of this surface extends onto the side of the 
lateral intercondylar tubercle. 

The superior articular surfaces of both the lateral and 
medial condyles are concave, particularly centrally. The 
outer margins of the surfaces are flatter and are the regions 
in contact with the interarticular discs (menisci) of fibro- 
cartilage in the knee joint. 

The nonarticular posterior surface of the medial condyle 
bears a distinct horizontal groove for part of the attach- 
ment of the semimembranosus muscle, and the undersur- 
face of the lateral condyle bears a distinct circular facet for 
articulation with the proximal head of the fibula. 

The intercondylar region of the tibial plateau lies 
between the articular surfaces of the medial and lateral 
condyles (Fig. 6.53). It is narrow centrally where it is raised 
to form the intercondylar eminence, the sides of which 
are elevated further to form medial and lateral intercondy- 
lar tubercles. 

The intercondylar region bears six distinct facets for the 
attachment of menisci and cruciate ligaments. The ante- 
rior intercondylar area widens anteriorly and bears three 
facets: 


= the most anterior facet is for attachment of the anterior 
end (horn) of the medial meniscus; 

= immediately posterior to the most anterior facet is a 
facet for the attachment of the anterior cruciate 
ligament; 

= a small facet for the attachment of the anterior 
end (horn) of the lateral meniscus is just lateral 
to the site of attachment of the anterior cruciate 
ligament. 


The posterior intercondylar area also bears three attach- 
ment facets: 


= themost anterior is for attachment of the posterior horn 
of the lateral meniscus; 

= posteromedial to the most anterior facet is the site of 
attachment for the posterior horn of the medial 
meniscus; 

= behind the site of attachment for the posterior horn of 
the medial meniscus is a large facet for the attachment 
of the posterior cruciate ligament. 


In addition to these six sites of attachment for menisci 
and cruciate ligaments, a large anterolateral region of the 
anterior intercondylar area is roughened and perforated by 
numerous small nutrient foramina for blood vessels. This 
region is continuous with a similar surface on the front of 
the tibia above the tuberosity and lies against infrapatellar 
connective tissue. 
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Lower limb 


Tibial tuberosity 


The tibial tuberosity is a palpable inverted triangular 
area on the anterior aspect of the tibia below the site of 
junction between the two condyles (Fig. 6.53). It is the site 
of attachment for the patellar ligament, which is a con- 
tinuation of the quadriceps femoris tendon below the 
patella. 


Shaft of tibia 


The shaft of the tibia is triangular in cross-section and has 
three surfaces (posterior, medial, and lateral) and three 
borders (anterior, interosseous, and medial) (Fig. 6.53D): 


the anterior border is sharp and descends from the 
tibial tuberosity where it is continuous superiorly with 
a ridge that passes along the lateral margin of the tuber- 
osity and onto the lateral condyle; 

the interosseous border is a subtle vertical ridge that 
descends along the lateral aspect of the tibia from the 
region of bone anterior and inferior to the articular 
facet for the head of the fibula; 

the medial border is indistinct superiorly where it begins 
at the anterior end of the groove on the posterior surface 
of the medial tibial condyle, but is sharp in midshaft. 


The large medial surface of the shaft of the tibia, 
between the anterior and medial borders, is smooth and 
subcutaneous, and is palpable along almost its entire 
extent. Medial and somewhat inferior to the tibial tuberos- 
ity, this medial surface bears a subtle, slightly roughened 
elongate elevation. This elevation is the site of the com- 
bined attachment of three muscles (sartorius, gracilis, and 
semitendinosus), which descend from the thigh. 

The posterior surface of the shaft of the tibia, between 
the interosseous and medial borders, is widest superiorly 
where it is crossed by a roughened oblique line (the soleal 
line). 

The lateral surface, between the anterior and interos- 
seous borders, is smooth and unremarkable. 


Proximal end of fibula 


The fibula is the lateral bone of the leg and does not take 
part in formation of the knee joint or in weightbearing. It 
is much smaller than the tibia and has a small proximal 
head, a narrow neck, and a delicate shaft, which ends as 
the lateral malleolus at the ankle. 

The head of the fibula is a globe-shaped expansion at 
the proximal end of the fibula (Fig. 6.54). A circular facet 
on the superomedial surface is for articulation above with 
a similar facet on the inferior aspect of the lateral condyle 
of the tibia. Just posterolateral to this facet, the bone pro- 
jects superiorly as a blunt apex (styloid process). 


The lateral surface of the head of the fibula bears a large 
impression for the attachment of the biceps femoris muscle. 
A depression near the upper margin of this impression is 
for attachment of the fibular collateral ligament of the knee 
joint. 

The neck of the fibula separates the expanded head 
from the shaft. The common fibular nerve lies against the 
posterolateral aspect of the neck. 

Like the tibia, the shaft of the fibula has three borders 
(anterior, posterior, and interosseous) and three surfaces 
(lateral, posterior, and medial), which lie between the 
borders (Fig. 6.54): 


the anterior border is sharp midshaft and begins 
superiorly from the anterior aspect of the head; 

the posterior border is rounded and descends from 
the region of the styloid process of the head; 

the interosseous border is medial in position. 


The three surfaces of the fibula are associated with the 
three muscular compartments (lateral, posterior, and 
anterior) of the leg. 
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Fig. 6.54 Proximal end of the fibula. A. Anterior view. B. Cross- 
section through the shaft of fibula. 


Muscles 


Muscles of the thigh are arranged in three compartments 
separated by intermuscular septa (Fig. 6.55). 

The anterior compartment of thigh contains the 
sartorius and the four large quadriceps femoris muscles 
(rectus femoris, vastus lateralis, vastus medialis, and vastus 
intermedius). All are innervated by the femoral nerve. In 
addition, the terminal ends of the psoas major and iliacus 
muscles pass into the upper part of the anterior compart- 
ment from sites of origin on the posterior abdominal wall. 
These muscles are innervated by branches directly from 
the anterior rami of L1 to L3 (psoas major) or from the 
femoral nerve (iliacus) as it passes down the abdominal 
wall. 

The medial compartment of thigh contains six 
muscles (gracilis, pectineus, adductor longus, adductor 
brevis, adductor magnus, and obturator externus). All 
except pectineus, which is innervated by the femoral nerve, 
and part of the adductor magnus, which is innervated by 
the sciatic nerve, are innervated by the obturator nerve. 

The posterior compartment of thigh contains three 
large muscles termed the “hamstrings.” All are innervated 
by the sciatic nerve. 





Anterior compartment 


Muscles in the anterior compartment (Table 6.3) act on the 
hip and knee joints: 


psoas major and iliacus act on the hip joint; 
sartorius and rectus femoris act on both the hip and 
knee joints; 

= the vastus muscles act on the knee joint. 


Anterior 
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Fig. 6.55 Transverse section through the midthigh. 


Table 6.3 Muscles of the anterior compartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion Innervation Function 

Psoas major Posterior abdominal wall (lumbar transverse Lesser trochanter of femur Anterior rami Flexes the thigh at the hip 
processes, intervertebral discs, and adjacent [L1, L2, L3] joint 
bodies from TXII to LV and tendinous arches 
between these points) 

lliacus Posterior abdominal wall (iliac fossa) Lesser trochanter of femur Femoral Flexes the thigh at the hip 


nerve [L2, L3] joint 


Vastus Femur—medial part of intertrochanteric line, Quadriceps femoris tendon Femoral Extends the leg at the 
medialis pectineal line, medial lip of the linea aspera, and medial border of nerve [L2, L3, knee joint 
medial supracondylar line patella L4] 
Vastus Femur—upper two-thirds of anterior and lateral Quadriceps femoris tendon Femoral Extends the leg at the 
intermedius surfaces and lateral margin of nerve [L2, L3, knee joint 
patella L4] 
Vastus Femur—lateral part of intertrochanteric line, Quadriceps femoris tendon Femoral Extends the leg at the 
lateralis margin of greater trochanter, lateral margin of nerve [L2, L3, knee joint 
gluteal tuberosity, lateral lip of the linea aspera L4] 
Rectus Straight head originates from the anterior Quadriceps femoris tendon Femoral Flexes the thigh at the hip 
femoris inferior iliac spine; reflected head originates from nerve [L2, L3, joint and extends the leg 
the ilium just superior to the acetabulum L4] at the knee joint 
Sartorius Anterior superior iliac spine Medial surface of tibia just Femoral Flexes the thigh at the hip 
inferomedial to tibial nerve [L2, L3] joint and flexes the leg at 
tuberosity the knee joint 
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Lower limb 


Iliopsoas—psoas major and iliacus 


The psoas major and iliacus muscles originate on the 
posterior abdominal wall and descend into the upper part 
of the anterior compartment of thigh through the lateral 
half of the gap between the inguinal ligament and the 
pelvic bone (Fig. 6.56). 

Although the iliacus and psoas major originate as sepa- 
rate muscles in the abdomen, both insert by a common 
tendon onto the lesser trochanter of the femur and together 
are usually referred to as the iliopsoas muscle. 

Iliopsoas is a powerful flexor of the thigh at the hip joint 
and can also contribute to lateral rotation of the thigh. 
Psoas major is innervated by branches from the anterior 
rami of L1 to L3 and iliacus is innervated by branches from 
the femoral nerve in the abdomen. 


Quadriceps femoris—vastus 
medialis, intermedius, and lateralis, 
and rectus femoris 


The large quadriceps femoris muscle consists of three 
vastus muscles (vastus medialis, vastus intermedius, and 
vastus lateralis) and the rectus femoris muscle (Fig. 
6.57). 

The quadriceps femoris muscle mainly extends the leg 
at the knee joint, but the rectus femoris component also 
assists flexion of the thigh at the hip joint. Because the 
vastus muscles insert into the margins of the patella as well 
as into the quadriceps femoris tendon, they stabilize the 
position of the patella during knee joint movement. 

The quadriceps femoris is innervated by the femoral 
nerve with contributions mainly from spinal segments L3 
and L4. A tap with a tendon hammer on the patellar liga- 
ment therefore tests reflex activity mainly at spinal cord 
levels L3 and L4. 


Vastus muscles 


The vastus muscles originate from the femur, whereas the 
rectus femoris muscle originates from the pelvic bone. All 
attach first to the patella by the quadriceps femoris tendon 
and then to the tibia by the patellar ligament. 

The vastus medialis originates from a continuous line 
of attachment on the femur, which begins anteromedially 
on the intertrochanteric line and continues posteroinferi- 
orly along the pectineal line and then descends along the 
medial lip of the linea aspera and onto the medial supra- 
condylar line. The fibers converge onto the medial aspect 
of the quadriceps femoris tendon and the medial border of 
the patella (Fig. 6.57). 

The vastus intermedius originates mainly from the 
upper two-thirds of the anterior and lateral surfaces of the 
femur and the adjacent intermuscular septum (Fig. 6.57). 
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Fig. 6.56 Psoas major and iliacus muscles. 


It merges into the deep aspect of the quadriceps femoris 
tendon and also attaches to the lateral margin of the 
patella. 

A tiny muscle (articularis genus) originates from the 
femur just inferior to the origin of the vastus intermedius 
and inserts into the suprapatellar bursa associated with the 
knee joint (Fig. 6.57). This articular muscle, which is often 
part of the vastus intermedius muscle, pulls the bursa away 
from the knee joint during extension. 

The vastus lateralis is the largest of the vastus muscles 
(Fig. 6.57). It originates from a continuous line of attach- 
ment, which begins anterolaterally from the superior part 
of the intertrochanteric line of the femur and then circles 
laterally around the bone to attach to the lateral margin of 
the gluteal tuberosity and continues down the upper part 
of the lateral lip of the linea aspera. Muscle fibers converge 
mainly onto the quadriceps femoris tendon and the lateral 
margin of the patella. 
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Fig. 6.57 Muscles of the anterior compartment of thigh. 


Rectus femoris 


Unlike the vastus muscles, which cross only the knee joint, 
the rectus femoris muscle crosses both the hip and the 
knee joints (Fig. 6.57). 

The rectus femoris has two tendinous heads of origin 
from the pelvic bone: 
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one from the anterior inferior iliac spine (straight 
head); 
the other from a roughened area of the ilium immedi- 


ately superior to the acetabulum (reflected head) (Fig. 
6.57). 563 
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Lower limb 


The two heads of rectus femoris unite to form an elon- 
gate muscle belly, which lies anterior to the vastus inter- 
medius muscle and between the vastus lateralis and vastus 
medialis muscles, to which it is attached on either side. At 
the distal end, the rectus femoris muscle converges on the 
quadriceps femoris tendon and inserts on the base of the 
patella. 


Patellar ligament 


The patellar ligament is functionally the continuation of 
the quadriceps femoris tendon below the patella and is 
attached above to the apex and margins of the patella and 
below to the tibial tuberosity (Fig. 6.57). The more super- 
ficial fibers of the quadriceps femoris tendon and the patel- 
lar ligament are continuous over the anterior surface of the 
patella, and lateral and medial fibers are continuous with 
the ligament beside the margins of the patella. 


Sartorius 


The sartorius muscle is the most superficial muscle in the 
anterior compartment of thigh and is a long strap-like 
muscle that descends obliquely through the thigh from the 
anterior superior iliac spine to the medial surface of the 
proximal shaft of the tibia (Fig. 6.57). Its flat aponeurotic 
insertion into the tibia is immediately anterior to the inser- 
tion of the gracilis and semitendinosus muscles. 


The sartorius, gracilis, and semitendinosus muscles 
attach to the tibia in a three-pronged pattern on the tibia, 
so their combined tendons of insertion are often termed the 
pes anserinus (Latin for “goose foot”). 

In the upper one-third of the thigh, the medial margin 
of the sartorius forms the lateral margin of the femoral 
triangle. 

In the middle one-third of the thigh, sartorius forms the 
anterior wall of the adductor canal. 

The sartorius muscle assists in flexing the thigh at the 
hip joint and the leg at the knee joint. It also abducts the 
thigh and rotates it laterally, as when resting the foot on 
the opposite knee when sitting. 

The sartorius is innervated by the femoral nerve. 


Medial compartment 


There are six muscles in the medial compartment of the 
thigh (Table 6.4): gracilis, pectineus, adductor longus, 
adductor brevis, adductor magnus, and obturator exter- 
nus (Fig. 6.58). Collectively, all these muscles except the 
obturator externus mainly adduct the thigh at the hip 
joint; the adductor longus and magnus may also medially 
rotate the thigh. Obturator externus is a lateral rotator of 
the thigh at the hip joint. 


Muscles of the medial compartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Table 6.4 
Muscle Origin Insertion 
Gracilis A line on the external surfaces of the Medial surface of proximal 
body of the pubis, the inferior pubic shaft of tibia 
ramus, and the ramus of the ischium 
Pectineus Pectineal line (pecten pubis) and Oblique line extending from 
adjacent bone of pelvis base of lesser trochanter to 
linea aspera on posterior 
surface of proximal femur 
Adductor External surface of body of pubis Linea aspera on middle one- 
longus (triangular depression inferior to third of shaft of femur 
pubic crest and lateral to pubic 
symphysis) 
Adductor External surface of body of pubis and Posterior surface of proximal 
brevis inferior pubic ramus femur and upper one-third of 
linea aspera 
Adductor Adductor part—ischiopubic ramus Posterior surface of proximal 
magnus femur, linea aspera, medial 
supracondylar line 
Hamstring part—ischial tuberosity Adductor tubercle and 
supracondylar line 
Obturator External surface of obturator Trochanteric fossa 
externus membrane and adjacent bone 


Innervation 


Obturator nerve [L2, 
L3] 


Femoral nerve [L2, L3] 


Obturator nerve 
(anterior division) [L2, 
L3, L4] 


Obturator nerve [L2, 
L3] 


Obturator nerve [L2, 
L3, L4] 


Sciatic nerve (tibial 
division) [L2, L3, L4] 


Obturator nerve 
(posterior division) [L3, 
L4] 


Function 

Adducts thigh at hip joint 
and flexes leg at knee joint 
Adducts and flexes thigh at 
hip joint 


Adducts and medially rotates 
thigh at hip joint 


Adducts thigh at hip joint 


Adducts and medially rotates 
thigh at hip joint 


Laterally rotates thigh at hip 
joint 


Gracilis 


The gracilis is the most superficial of the muscles in the 
medial compartment of thigh and descends almost verti- 
cally down the medial side of the thigh (Fig. 6.58). It is 
attached above to the outer surface of the ischiopubic 
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Fig. 6.58 Muscles of the medial compartment of thigh. Anterior view. 





ramus of the pelvic bone and below to the medial surface 
of the proximal shaft of the tibia, where it lies sandwiched 
between the tendon of sartorius in front and the tendon of 
the semitendinosus behind. 
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Pectineus 


The pectineus is a flat quadrangular muscle (Fig. 6.59). 
It is attached above to the pectineal line of the pelvic bone 
and adjacent bone, and descends laterally to attach to an 
oblique line extending from the base of the lesser trochan- 
ter to the linea aspera on the posterior surface of the proxi- 
mal femur. 

From its origin on the pelvic bone, the pectineus passes 
into the thigh below the inguinal ligament and forms part 
of the floor of the medial half of the femoral triangle. 

The pectineus adducts and flexes the thigh at the hip 
joint and is innervated by the femoral nerve. 


Pectineal line 


Pectineus 


Adductor brevis 
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Adductor longus 


The adductor longus is a flat fan-shaped muscle that 
originates from a small rough triangular area on the exter- 
nal surface of the body of the pubis just inferior to the pubic 
crest and lateral to the pubic symphysis (Fig. 6.59). It 
expands as it descends posterolaterally to insert via an apo- 
neurosis into the middle third of the linea aspera. 

The adductor longus contributes to the floor of the 
femoral triangle, and its medial margin forms the medial 
border of the femoral triangle. The muscle also forms the 
proximal posterior wall of the adductor canal. 


Pectineal line 


Adductor brevis 


For perforating arteries 


566 Fig. 6.59 Pectineus, adductor longus, and adductor brevis muscles. Anterior view. 


The adductor longus adducts and medially rotates the 
thigh at the hip joint and is innervated by the anterior divi- 
sion of the obturator nerve. 


Adductor brevis 


The adductor brevis lies posterior to the pectineus and 
adductor longus. It is a triangular muscle attached at its 
apex to the body of the pubis and inferior pubic ramus just 
superior to the origin of the gracilis muscle (Fig. 6.59). The 
muscle is attached by its expanded base via an aponeurosis 
to a vertical line extending from lateral to the insertion of 
pectineus into the upper aspect of the linea aspera lateral 
to the attachment of the adductor longus. 

The adductor brevis adducts the thigh at the hip joint 
and is innervated by the obturator nerve. 


Adductor magnus 


The adductor magnus is the largest and deepest of the 
muscles in the medial compartment of thigh (Fig. 6.60). 
The muscle forms the distal posterior wall of the adductor 
canal. Like the adductor longus and brevis muscles, the 
adductor magnus is a triangular or fan-shaped muscle 
anchored by its apex to the pelvis and attached by its 
expanded base to the femur. 

On the pelvis, the adductor magnus is attached along a 
line that extends from the inferior pubic ramus, above the 
attachments of the adductor longus and brevis muscles, 
and along the ramus of the ischium to the ischial tuberosity. 
The part of the muscle that originates from the ischiopubic 
ramus expands laterally and inferiorly to insert on the 
femur along a vertical line of attachment that extends from 
just inferior to the quadrate tubercle and medial to the 
gluteal tuberosity, along the linea aspera and onto the 
medial supracondylar line. This lateral part of the muscle is 
often termed the “adductor part” of the adductor magnus. 

The medial part of the adductor magnus, often called 
the “hamstring part,” originates from the ischial tuberosity 
of the pelvic bone and descends almost vertically along the 
thigh to insert via a rounded tendon into the adductor 
tubercle on the medial condyle of the distal head of the 
femur. It also inserts via an aponeurosis up onto the medial 
supracondylar line. A large circular gap inferiorly between 
the hamstring and adductor parts of the muscle is the 
adductor hiatus (Fig. 6.60), which allows the femoral 
artery and associated veins to pass between the adductor 
canal on the anteromedial aspect of the thigh and the pop- 
liteal fossa posterior to the knee. 

The adductor magnus adducts and medially rotates 
the thigh at the hip joint. The adductor part of the muscle 
is innervated by the obturator nerve and the hamstring 
part is innervated by the tibial division of the sciatic 
nerve. 





Obturator externus 


The obturator externus is a flat fan-shaped muscle. Its 
expansive body is attached to the external aspect of the 
obturator membrane and adjacent bone (Fig. 6.60). The 
muscle fibers converge posterolaterally to form a tendon, 
which passes posterior to the hip joint and neck of the 
femur to insert on an oval depression on the lateral wall of 
the trochanteric fossa. 

Obturator externus externally rotates the thigh at the 
hip joint and is innervated by the posterior branch of the 
obturator nerve. 
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Fig. 6.60 Adductor magnus and obturator externus muscles. 
Anterior view. 567 
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Lower limb 


Table 6.5 Muscles of the posterior compartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 


Biceps femoris Long head—inferomedial part 
of the upper area of the ischial 
tuberosity; short head—lateral 
lip of linea aspera 


Semitendinosus Inferomedial part of the upper 


area of the ischial tuberosity 


Semimembranosus Superolateral impression on 


the ischial tuberosity 


Head of fibula 


Medial surface of 
proximal tibia 


Groove and adjacent 
bone on medial and 
posterior surface of 


Innervation Function 


Sciatic nerve 
[L5, $1, $2] 


Flexes leg at knee joint; extends and laterally 
rotates thigh at hip joint and laterally rotates 
leg at knee joint 


Sciatic nerve 
[L5, $1, $2] 


Flexes leg at knee joint and extends thigh at 
hip joint; medially rotates thigh at hip joint 
and leg at knee joint 


Sciatic nerve 
[L5, $1, S2] 


Flexes leg at knee joint and extends thigh at 
hip joint; medially rotates thigh at hip joint 
and leg at knee joint 


medial tibial condyle 


Posterior compartment 


There are three long muscles in the posterior compartment 
of thigh: biceps femoris, semitendinosus, and semimem- 
branosus (Table 6.5)—and they are collectively known as 
the hamstrings (Fig. 6.61). All except the short head of 
biceps femoris cross both the hip and knee joints. As a 
group, the hamstrings flex the leg at the knee joint and 
extend the thigh at the hip joint. They are also rotators at 
both joints. 


Biceps femoris 


The biceps femoris muscle is lateral in the posterior com- 
partment of thigh and has two heads (Fig. 6.61): 


= the long head originates with the semitendinosus 
muscle from the inferomedial part of the upper area of 
the ischial tuberosity; 

= the short head arises from the lateral lip of the linea 
aspera on the shaft of the femur. 


The muscle belly of the long head crosses the posterior 
thigh obliquely from medial to lateral and is joined by the 
short head distally. Together, fibers from the two heads 
form a tendon, which is palpable on the lateral side of the 
distal thigh. The main part of the tendon inserts into 
the lateral surface of the head of the fibula. Extensions from 
the tendon blend with the fibular collateral ligament and 
with ligaments associated with the lateral side of the knee 
joint. 

The biceps femoris flexes the leg at the knee joint. The 
long head also extends and laterally rotates the hip. When 
the knee is partly flexed, the biceps femoris can laterally 
rotate the leg at the knee joint. 

The long head is innervated by the tibial division of the 
sciatic nerve and the short head is innervated by the 
common fibular division of the sciatic nerve. 
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Fig. 6.61 Muscles of the posterior compartment of thigh. 
Posterior view. 


Semitendinosus 


The semitendinosus muscle is medial to the biceps femoris 
muscle in the posterior compartment of thigh (Fig. 6.61). 
It originates with the long head of the biceps femoris muscle 
from the inferomedial part of the upper area of the ischial 
tuberosity. The spindle-shaped muscle belly ends in the 
lower half of the thigh and forms a long cord-like tendon, 
which lies on the semimembranosus muscle and descends 
to the knee. The tendon curves around the medial condyle 
of the tibia and inserts into the medial surface of the tibia 
just posterior to the tendons of the gracilis and sartorius 
muscles. 

The semitendinosus flexes the leg at the knee joint and 
extends the thigh at the hip joint. Working with the semi- 
membranosus, it also medially rotates the thigh at the hip 
joint and medially rotates the leg at the knee joint. 

The semitendinosus muscle is innervated by the tibial 
division of the sciatic nerve. 


Semimembranosus 


The semimembranosus muscle lies deep to the semiten- 
dinosus muscle in the posterior compartment of thigh (Fig. 
6.61). It is attached above to the superolateral impression 
on the ischial tuberosity and below mainly to the groove 
and adjacent bone on the medial and posterior surfaces of 
the medial tibial condyle. Expansions from the tendon also 
insert into and contribute to the formation of ligaments 
and fascia around the knee joint. 

The semimembranosus flexes the leg at the knee joint 
and extends the thigh at the hip joint. Working with the 
semitendinosus muscle, it medially rotates the thigh at the 
hip joint and the leg at the knee joint. 


In the clinic 


Muscle injuries to the lower limb 
Muscle injuries may occur as a result of direct trauma or 
as part of an overuse syndrome. 

Muscle injuries may occur as a minor muscle tear, 
which may be demonstrated as a focal area of fluid 
within the muscle. With increasingly severe injuries, 
further muscle fibers are torn and this may eventually 
result in a complete muscle tear. The usual muscles in 
the thigh that tear include the hamstring muscles. Tears 
in the muscles below the knee typically occur within the 
soleus muscle, though other muscles may be affected. 


Regional anatomy ° Thigh 


The semimembranosus muscle is innervated by the 
tibial division of the sciatic nerve. 


Arteries 


Three arteries enter the thigh: the femoral artery, the obtu- 
rator artery, and the inferior gluteal artery. Of these, the 
femoral artery is the largest and supplies most of the lower 
limb. The three arteries contribute to an anastomotic 
network of vessels around the hip joint. 


Femoral artery 


The femoral artery is the continuation of the external iliac 
artery and begins as the external iliac artery passes under 
the inguinal ligament to enter the femoral triangle on the 
anterior aspect of the upper thigh (Fig. 6.62). The femoral 
artery is palpable in the femoral triangle just inferior to the 
inguinal ligament midway between the anterior superior 
iliac spine and the pubic symphysis. 

The femoral artery passes vertically through the femoral 
triangle and then continues down the thigh in the adduc- 
tor canal. It leaves the canal by passing through the adduc- 
tor hiatus in the adductor magnus muscle and becomes the 
popliteal artery behind the knee. 

A cluster of four small branches—superficial epigas- 
tric artery, superficial circumflex iliac artery, super- 
ficial external pudendal artery, and deep external 
pudendal artery—originate from the femoral artery in 
the femoral triangle and supply cutaneous regions of the 
upper thigh, lower abdomen, and perineum. 


Deep artery of thigh 


The largest branch of the femoral artery in the thigh is the 
deep artery of thigh (profunda femoris artery), which 
originates from the lateral side of the femoral artery in the 
femoral triangle and is the major source of blood supply to 
the thigh (Fig. 6.63). The deep artery of thigh immediately 
passes: 


posteriorly between the pectineus and adductor longus 
muscles and then between the adductor longus and 
adductor brevis muscles; and 

then travels inferiorly between the adductor longus and 
adductor magnus, eventually penetrating through the 
adductor magnus to connect with branches of the pop- 
liteal artery behind the knee. 


The deep artery of thigh has lateral and medial circum- 
flex femoral branches and three perforating branches. 
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Lower limb 


Lateral circumflex femoral artery 


The lateral circumflex femoral artery normally origi- 
nates proximally from the lateral side of the deep artery of 
thigh, but may arise directly from the femoral artery (Fig. 
6.63). It passes deep to the sartorius and rectus femoris and 
divides into three terminal branches: 


= one vessel (ascending branch) ascends laterally deep 
to the tensor fasciae latae muscle and connects with a 
branch of the medial circumflex femoral artery to form 
a channel, which circles the neck of the femur and sup- 
plies the neck and head of the femur; 

= one vessel (descending branch) descends deep to the 
rectus femoris, penetrates the vastus lateralis muscle 
and connects with a branch of the popliteal artery near 
the knee; 

= one vessel (transverse branch) passes laterally to 
pierce the vastus lateralis and then circles around the 
proximal shaft of femur to anastomose with branches 
from the medial femoral circumflex artery, the inferior 
gluteal artery, and the first perforating artery to form 
the cruciate anastomosis around the hip. 


Medial circumflex femoral artery 


The medial circumflex femoral artery normally origi- 
nates proximally from the posteromedial aspect of the deep 
artery of thigh, but may originate from the femoral artery 
(Fig. 6.63). It passes medially around the shaft of femur, 
first between the pectineus and iliopsoas and then between 
the obturator externus and adductor brevis muscles. Near 
the margin of the adductor brevis the vessel gives off a 
small branch, which enters the hip joint through the ace- 
tabular notch and anastomoses with the acetabular branch 
of the obturator artery. 

The main trunk of the medial circumflex femoral artery 
passes over the superior margin of the adductor magnus 
and divides into two major branches deep to the quadratus 
femoris muscle: 


= one branch ascends to the trochanteric fossa and con- 
nects with branches of the gluteal and lateral circum- 
flex femoral arteries; 

= the other branch passes laterally to participate with 
branches from the lateral femoral circumflex artery, the 
inferior gluteal artery, and the first perforating artery in 
forming an anastomotic network of vessels around the 
hip. 


Perforating arteries 


The three perforating arteries branch from the deep 
artery of thigh (Fig. 6.63) as it descends anterior to the 
adductor brevis muscle—the first originates above the 
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Fig. 6.62 Femoral artery. 


muscle, the second originates anterior to the muscle, and 
the third originates below the muscle. All three penetrate 
through the adductor magnus near its attachment to the 
linea aspera to enter and supply the posterior compart- 
ment of thigh. Here, the vessels have ascending and 
descending branches, which interconnect to form a longi- 
tudinal channel, which participates above in forming an 
anastomotic network of vessels around the hip and inferi- 
orly anastomoses with branches of the popliteal artery 
behind the knee. 
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Fig. 6.63 Deep artery of thigh. A. Anterior view. B. Posterior view. 


Obturator artery 


The obturator artery originates as a branch of the inter- 
nal iliac artery in the pelvic cavity and enters the medial 
compartment of thigh through the obturator canal (Fig. 
6.64). As it passes through the canal, it bifurcates into an 
anterior branch and a posterior branch, which 
together form a channel that circles the margin of the 
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obturator membrane and lies within the attachment of the 
obturator externus muscle. 

Vessels arising from the anterior and posterior branches 
supply adjacent muscles and anastomose with the inferior 
gluteal and medial circumflex femoral arteries. In addition, 
an acetabular vessel originates from the posterior branch, 
enters the hip joint through the acetabular notch, and con- 
tributes to the supply of the head of the femur. 
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Lower limb 


In the clinic 


Peripheral vascular disease 

Peripheral vascular disease is often characterized by 
reduced blood flow to the legs. This disorder may be 
due to stenoses (narrowings) and/or occlusions 
(blockages) in the lower aorta, iliac, femoral, tibial, and 
fibular vessels. Patients typically have chronic leg 
ischemia and “acute on chronic” leg ischemia. 


Chronic leg ischemia 

Chronic leg ischemia is a disorder in which vessels have 
undergone atheromatous change and often there is 
significant luminal narrowing (usually over 50%). Most 
patients with peripheral arterial disease have 
widespread arterial disease (including cardiovascular 
and cerebrovascular disease), which may be clinically 
asymptomatic. Some of these patients develop such 
severe ischemia that the viability of the limb is 
threatened (critical limb ischemia). 

The commonest symptom of chronic leg ischemia is 
intermittent claudication. Patients typically have a 
history of pain that develops in the calf muscles (usually 
associated with occlusions or narrowing in the femoral 
artery) or the buttocks (usually associated with 
occlusion or narrowing in the aorto-iliac segments). The 
pain experienced in these muscles is often cramp-like 
and occurs with walking. The patient rests and is able to 
continue walking up to the same distance until the pain 
recurs and stops walking as before. 

Clinical investigations include measurement of the 
ratio of the systolic pressure in the arm compared to 
that of the anterior and posterior tibial vessels (the 
ABPI—ankle-brachial systolic pressure index). In 
healthy people this is 1. In patients with intermittent 
claudication it may drop to 0.6, and when the limb is 
critically ischemic it may be as low as 0.3. 

A significant number of patients with intermittent 
claudication get better without any intervention. For 
some patients in whom the disease appears to be 
progressive, further investigation may include duplex 
ultrasound and angiography to delineate the level and 
degree of stenosis or occlusion, with a view to 
treatment. 

Treatment may involve a surgical bypass procedure 
or removal of the atheromatous plaque. Other 
treatments, which are less invasive, include radiological 
angioplasty, which is performed by accessing the 
femoral artery and inflating a balloon that refashions 
the inside of the vessel, re-establishing flow to the limb. 
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Fig. 6.64 Obturator artery. 


Acute on chronic ischemia 

In some patients with chronic limb ischemia, an acute 
event blocks the vessels or reduces the blood supply to 
such a degree that the viability of the limb is 
threatened. 

Occasionally a leg may become acutely ischemic 
with no evidence of underlying atheromatous disease. 
In these instances a blood clot is likely to have 
embolized from the heart. Patients with mitral valve 
disease and atrial fibrillation are prone to embolic 
disease. 


Critical limb ischemia 

Critical limb ischemia occurs when the blood supply to 
the limb is so poor that the viability of the limb is 
severely threatened, and in this case many patients 
develop gangrene, ulceration, and severe rest pain in 
the foot. These patients require urgent treatment, which 
may be in the form of surgical reconstruction, 
radiological angioplasty, or even amputation. 


Veins 


Veins in the thigh consist of superficial and deep veins. 
Deep veins generally follow the arteries and have similar 
names. Superficial veins are in the superficial fascia, inter- 
connect with deep veins, and do not generally accompany 
arteries. The largest of the superficial veins in the thigh is 
the great saphenous vein. 


Great saphenous vein 


The great saphenous vein originates from a venous arch 
on the dorsal aspect of the foot and ascends along the 
medial side of the lower limb to the proximal thigh (see p. 
542). Here it passes through the saphenous ring in deep 
fascia covering the anterior thigh to connect with the 
femoral vein in the femoral triangle (see p. 545). 


Nerves 


There are three major nerves in the thigh, each associated 
with one of the three compartments. The femoral nerve is 
associated with the anterior compartment of thigh, the 
obturator nerve is associated with the medial compart- 
ment of thigh, and the sciatic nerve is associated with the 
posterior compartment of thigh. 


Femoral nerve 


The femoral nerve originates from the lumbar plexus 
(spinal cord segments L2—L4) on the posterior abdominal 
wall and enters the femoral triangle of the thigh by passing 
under the inguinal ligament (Fig. 6.65). In the femoral 
triangle the femoral nerve lies on the lateral side of the 
femoral artery and is outside the femoral sheath, which 
surrounds the vessels. 

Before entering the thigh, the femoral nerve supplies 
branches to the iliacus and pectineus muscles. 

Immediately after passing under the inguinal ligament, 
the femoral nerve divides into anterior and posterior 
branches, which supply muscles of the anterior compart- 
ment of thigh and skin on the anterior and medial aspects 
of the thigh and on the medial sides of the leg and foot. 

Branches of the femoral nerve (Fig. 6.65) include: 


= anterior cutaneous branches, which penetrate deep 
fascia to supply skin on the front of the thigh and 
knee; 

= numerous motor nerves, which supply the quadriceps 
femoris muscles (rectus femoris, vastus lateralis, vastus 
intermedius, and vastus medialis muscles) and the sar- 
torius muscle; and 

= one long cutaneous nerve, the saphenous nerve, which 
supplies skin as far distally as the medial side of the 
foot. 





The saphenous nerve accompanies the femoral artery 
through the adductor canal, but does not pass through the 
adductor hiatus with the femoral artery. Rather, the saphe- 
nous nerve penetrates directly through connective tissues 
near the end of the canal to appear between the sartorius 
and gracilis muscles on the medial side of the knee. Here 
the saphenous nerve penetrates deep fascia and continues 
down the medial side of the leg to the foot, and supplies skin 
on the medial side of the knee, leg, and foot. 
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Fig. 6.65 Femoral nerve. 
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Lower limb 


Obturator nerve 


The obturator nerve is a branch of the lumbar plexus 
(spinal cord segments L2—L4) on the posterior abdominal 
wall. It descends in the psoas muscle, and then passes out 
of the medial margin of the psoas muscle to enter the pelvis 
(Fig. 6.66). The obturator nerve continues along the lateral 
pelvic wall and then enters the medial compartment of 
thigh by passing through the obturator canal. It supplies 
most of the adductor muscles and skin on the medial aspect 
of the thigh. As the obturator nerve enters the thigh, it 
divides into two branches, an anterior branch and a poste- 
rior branch, which are separated by the adductor brevis 
muscle: 
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Fig. 6.66 Obturator nerve. 


= the posterior branch descends behind the adductor 
brevis muscle and on the anterior surface of the adduc- 
tor magnus muscle, and supplies the obturator exter- 
nus and adductor brevis muscles and the part of 
adductor magnus that attaches to the linea aspera; 

= the anterior branch descends on the anterior surface 
of the adductor brevis muscle and is behind the pectin- 
eus and adductor longus muscles—it supplies branches 
to the adductor longus, gracilis, and adductor brevis 
muscles, and often contributes to the supply of the pec- 
tineus muscle, and cutaneous branches innervate the 
skin on the medial side of the thigh. 


Sciatic nerve 


The sciatic nerve is a branch of the lumbosacral plexus 
(spinal cord segments L4—S3) and descends into the poste- 
rior compartment of thigh from the gluteal region (Fig. 
6.67). It innervates all muscles in the posterior compart- 
ment of thigh and then its branches continue into the leg 
and foot. 

In the posterior compartment of thigh, the sciatic nerve 
lies on the adductor magnus muscle and is crossed by the 
long head of biceps femoris muscle. 

Proximal to the knee, and sometimes within the pelvis, 
the sciatic nerve divides into its two terminal branches: the 
tibial nerve and the common fibular nerve. These 
nerves travel vertically down the thigh and enter the pop- 
liteal fossa posterior to the knee. Here, they meet the pop- 
liteal artery and vein. 


Tibial nerve 


The tibial part of the sciatic nerve, either before or after its 
separation from the common fibular nerve, supplies 
branches to all muscles in the posterior compartment of 
thigh (long head of biceps femoris, semimembranosus, 
semitendinosus) except the short head of biceps femoris, 
which is innervated by the common fibular part (Fig. 
6.67). 

The tibial nerve descends through the popliteal fossa, 
enters the posterior compartment of leg, and continues 
into the sole of the foot. 

The tibial nerve innervates: 


all muscles in the posterior compartment of leg; 
all intrinsic muscles in the sole of the foot except for the 
first two dorsal interossei muscles, which are inner- 
vated by the deep fibular nerve; and 

= skin on the posterolateral side of the lower half of the 
leg and lateral side of the ankle, foot, and little toe, and 
skin on the sole of the foot and toes. 
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Fig. 6.67 Sciatic nerve. 


Common fibular nerve 


The common fibular part of the sciatic nerve innervates the 
short head of biceps femoris in the posterior compartment 
of thigh and then continues into the lateral and anterior 
compartments of leg and onto the foot (Fig. 6.67). 

The common fibular nerve innervates: 


= all muscles in the anterior and lateral compartments of 
leg; 

= one muscle (extensor digitorum brevis) on the dorsal 
aspect of the foot; 
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Fig. 6.68 Knee joint. Joint capsule is not shown. 


= the first two dorsal interossei muscles in the sole of the 
foot; and 

= skin over the lateral aspect of the leg, and ankle, and 
over the dorsal aspect of the foot and toes. 


Knee joint 


The knee joint is the largest synovial joint in the body. It 
consists of: 


= the articulation between the femur and tibia, which is 
weightbearing; and 

= the articulation between the patella and the femur, 
which allows the pull of the quadriceps femoris muscle 
to be directed anteriorly over the knee to the tibia 
without tendon wear (Fig. 6.68). 


Two fibrocartilaginous menisci, one on each side, 
between the femoral condyles and tibia accommodate 
changes in the shape of the articular surfaces during joint 
movements. 
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Lower limb 


The detailed movements of the knee joint are complex, 
but basically the joint is a hinge joint that allows mainly 
flexion and extension. Like all hinge joints, the knee joint 
is reinforced by collateral ligaments, one on each side of the 
joint. In addition, two very strong ligaments (the cruciate 
ligaments) interconnect the adjacent ends of the femur and 
tibia and maintain their opposed positions during 
movement. 

Because the knee joint is involved in weightbearing, it 
has an efficient “locking” mechanism to reduce the amount 
of muscle energy required to keep the joint extended when 
standing. 


Articular surfaces 


The articular surfaces of the bones that contribute to the 
knee joint are covered by hyaline cartilage. The major sur- 
faces involved include: 


the two femoral condyles; and 
the adjacent surfaces of the superior aspect of the tibial 
condyles. 


The surfaces of the femoral condyles that articulate with 
the tibia in flexion of the knee are curved or round, whereas 
the surfaces that articulate in full extension are flat (Fig. 
6.69). 

The articular surfaces between the femur and patella 
are the V-shaped trench on the anterior surface of the distal 
end of the femur where the two condyles join and the adja- 
cent surfaces on the posterior aspect of the patella. The 
joint surfaces are all enclosed within a single articular 
cavity, as are the intra-articular menisci between the 
femoral and tibial condyles. 


Menisci 

There are two menisci, which are fibrocartilaginous C- 
shaped cartilages, in the knee joint, one medial (medial 
meniscus) and the other lateral (lateral meniscus) (Fig. 
6.70). Both are attached at each end to facets in the inter- 
condylar region of the tibial plateau. 

The medial meniscus is attached around its margin to 
the capsule of the joint and to the tibial collateral ligament, 
whereas the lateral meniscus is unattached to the capsule. 
Therefore, the lateral meniscus is more mobile than the 
medial meniscus. 

The menisci are interconnected anteriorly by a trans- 
verse ligament of the knee. The lateral meniscus is also 
connected to the tendon of the popliteus muscle, which 
passes superolaterally between this meniscus and the 
capsule to insert on the femur. 

The menisci improve congruency between the femoral 
and tibial condyles during joint movements where the sur- 
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Fig. 6.69 Articular surfaces of the knee joint. A. Extended. 
B. Flexed. C. Anterior view (flexed). 
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Fig. 6.70 Menisci of the knee joint. A. Superior view. 
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Fig. 6.70, contd Menisci of the knee joint. B. Normal knee joint showing the medial meniscus. T2-weighted magnetic resonance image in 
the sagittal plane. C. Normal knee joint showing the lateral meniscus. T2-weighted magnetic resonance image in the sagittal plane. 


faces of the femoral condyles articulating with the tibial 
plateau change from small curved surfaces in flexion to 
large flat surfaces in extension. 


Synovial membrane 


The synovial membrane of the knee joint attaches to the 
margins of the articular surfaces and to the superior and 
inferior outer margins of the menisci (Fig. 6.71A). The two 
cruciate ligaments, which attach in the intercondylar 
region of the tibia below and the intercondylar fossa of the 
femur above, are outside the articular cavity, but enclosed 
within the fibrous membrane of the knee joint. 

Posteriorly, the synovial membrane reflects off the 
fibrous membrane of the joint capsule on either side of the 
posterior cruciate ligament and loops forward around both 
ligaments thereby excluding them from the articular 
cavity. 

Anteriorly, the synovial membrane is separated from 
the patellar ligament by an infrapatellar fat pad. On 
each side of the pad, the synovial membrane forms a fringed 
margin (an alar fold), which projects into the articular 
cavity. In addition, the synovial membrane covering the 
lower part of the infrapatellar fat pad is raised into a sharp 
midline fold directed posteriorly (the infrapatellar syno- 
vial fold), which attaches to the margin of the intercon- 
dylar fossa of the femur. 


The synovial membrane of the knee joint forms pouches 
in two locations to provide low friction surfaces for the 
movement of tendons associated with the joint: 


the smallest of these expansions is the subpopliteal 
recess (Fig. 6.71A), which extends posterolaterally 
from the articular cavity and lies between the lateral 
meniscus and the tendon of the popliteus muscle, which 
passes through the joint capsule; 

the second expansion is the suprapatellar bursa 
(Fig. 6.71B), a large bursa that is a continuation 
of the articular cavity superiorly between the distal 
end of the shaft of femur and the quadriceps femoris 
muscle and tendon—the apex of this bursa is attached 
to the small articularis genus muscle, which pulls the 
bursa away from the joint during extension of the 
knee. 


Other bursae associated with the knee, but not normally 
communicating with the articular cavity include the sub- 
cutaneous prepatellar bursa, deep and subcutaneous 
infrapatellar bursae, and numerous other bursae associ- 
ated with tendons and ligaments around the joint (Fig. 
6.71B). 

The prepatellar bursa is subcutaneous and anterior to 
the patella. The deep and subcutaneous infrapatellar 
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Fig. 6.71 Synovial membrane of the knee joint and associated bursae. A. Superolateral view; patella and femur not shown. B. Paramedial 


sagittal section through the knee. 


bursae are on the deep and subcutaneous sides of the patel- 
lar ligament, respectively. 


Fibrous membrane 


The fibrous membrane of the knee joint is extensive and is 
partly formed and reinforced by extensions from tendons 
of the surrounding muscles (Fig. 6.72). In general, the 
fibrous membrane encloses the articular cavity and the 
intercondylar region: 


= on the medial side of the knee joint, the fibrous mem- 
brane blends with the tibial collateral ligament and is 
attached on its internal surface to the medial 
meniscus; 

= laterally, the external surface of the fibrous membrane 
is separated by a space from the fibular collateral liga- 
ment and the internal surface of the fibrous membrane 
is not attached to the lateral meniscus; 

= anteriorly, the fibrous membrane is attached to the 
margins of the patella where it is reinforced with tendi- 
nous expansions from the vastus lateralis and vastus 
medialis muscles, which also merge above with the 
quadriceps femoris tendon and below with the patellar 
ligament. 


The fibrous membrane is reinforced anterolaterally by a 
fibrous extension from the iliotibial tract and posteromedi- 
ally by an extension from the tendon of semimembranosus 
(the oblique popliteal ligament), which reflects superi- 
orly across the back of the fibrous membrane from medial 
to lateral. 

The upper end of the popliteus muscle passes through 
an aperture in the posterolateral aspect of the fibrous mem- 
brane of the knee and is enclosed by the fibrous membrane 
as its tendon travels around the joint to insert on the lateral 
aspect of the lateral femoral condyle. 


Ligaments 


The major ligaments associated with the knee joint are the 
patellar ligament, the tibial (medial) and fibular (lateral) 
collateral ligaments, and the anterior and posterior cruci- 
ate ligaments. 


Patellar ligament 


The patellar ligament is basically the continuation of the 
quadriceps femoris tendon inferior to the patella (Fig. 
6.72). It is attached above to the margins and apex of the 
patella and below to the tibial tuberosity. 


Collateral ligaments 


The collateral ligaments, one on each side of the joint, sta- 
bilize the hinge-like motion of the knee (Fig. 6.73). 

The cord-like fibular collateral ligament is attached 
superiorly to the lateral femoral epicondyle just above the 
groove for the popliteus tendon. Inferiorly, it is attached to 
a depression on the lateral surface of the fibular head. It is 
separated from the fibrous membrane by a bursa. 

The broad and flat tibial collateral ligament is 
attached by much of its deep surface to the underlying 
fibrous membrane. It is anchored superiorly to the medial 
femoral epicondyle just inferior to the adductor tubercle 
and descends anteriorly to attach to the medial margin and 
medial surface of the tibia above and behind the attach- 
ment of sartorius, gracilis, and semitendinosus tendons. 


Cruciate ligaments 


The two cruciate ligaments are in the intercondylar region 
of the knee and interconnect the femur and tibia (Figs. 
6.73D and 6.74). They are termed “cruciate” (Latin for 
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“shaped like a cross”) because they cross each other in the 


sagittal plane between their femoral and tibial 


attachments: 


= the anterior cruciate ligament attaches to a facet on 
the anterior part of the intercondylar area of the tibia 
and ascends posteriorly to attach to a facet at the back 
of the lateral wall of the intercondylar fossa of the 
femur; 

= the posterior cruciate ligament attaches to the pos- 
terior aspect of the intercondylar area of the tibia and 
ascends anteriorly to attach to the medial wall of the 
intercondylar fossa of the femur. 


The anterior cruciate ligament crosses lateral to the pos- 
terior cruciate ligament as they pass through the intercon- 
dylar region. 

The anterior cruciate ligament prevents anterior dis- 
placement of the tibia relative to the femur and the poste- 
rior cruciate ligament restricts posterior displacement (Fig. 
6.74). 
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Fig. 6.72 Fibrous membrane of the knee joint capsule. A. Anterior view. B. Posterior view. 
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Fig. 6.73 Collateral ligaments of the knee joint. A. Lateral view. B. Medial view. C. Normal knee joint showing the patellar ligament and the 
fibular collateral ligament. Tl-weighted magnetic resonance image in the sagittal plane. D. Normal knee joint showing the tibial collateral 
ligament, the medial and lateral menisci, and the anterior and posterior cruciate ligaments. Tl-weighted magnetic resonance image in the 


coronal plane. 
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Fig. 6.74 Cruciate ligaments of the knee joint. Superolateral view. 


Locking mechanism 


When standing, the knee joint is locked into position, 
thereby reducing the amount of muscle work needed to 
maintain the standing position (Fig. 6.75). 

One component of the locking mechanism is a change 
in the shape and size of the femoral surfaces that articulate 
with the tibia: 


= in flexion, the surfaces are the curved and rounded 
areas on the posterior aspects of the femoral condyles; 

= as the knee is extended, the surfaces move to the broad 
and flat areas on the inferior aspects of the femoral 
condyles. 


Consequently the joint surfaces become larger and more 
stable in extension. 

Another component of the locking mechanism is medial 
rotation of the femur on the tibia during extension. Medial 
rotation and full extension tightens all the associated 
ligaments. 

Another feature that keeps the knee extended when 
standing is that the body’s center of gravity is positioned 
along a vertical line that passes anterior to the knee joint. 
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Fig. 6.75 Knee “locking” mechanism. 


The popliteus muscle unlocks the knee by initiating 
lateral rotation of the femur on the tibia. 


Vascular supply and innervation 


Vascular supply to the knee joint is predominantly through 
descending and genicular branches from the femoral, pop- 
liteal, and lateral circumflex femoral arteries in the thigh 
and the circumflex fibular artery and recurrent branches 
from the anterior tibial artery in the leg. These vessels form 
an anastomotic network around the joint (Fig. 6.76). 

The knee joint is innervated by branches from the obtu- 
rator, femoral, tibial, and common fibular nerves. 
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Lower limb 
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Fig. 6.76 Anastomoses of arteries around the knee. Anterior view. 


In the clinic 


Soft tissue injuries to the knee 
Soft tissue injuries are common at and around the knee 
joint. 

The typical injuries include tears of the anterior and 
posterior cruciate ligaments, meniscal tears, and trauma 
to the collateral ligaments. Isolated soft tissue injuries 
may occur, but it is not uncommon for certain types of 
injury to occur together, for example, anterior cruciate 
ligament disruption, tibial collateral ligament disruption, 
and tears of the medial meniscus. 

Any soft tissue injury at and around the knee joint 
may involve the neurovascular bundle and assessment 
of neurovascular structures is critical in the 
management of patients with injury to the soft tissues. 


In the clinic 


Degenerative joint disease/osteoarthritis 
Degenerative joint disease occurs throughout many 
joints within the body. Articular degeneration may 
result from an abnormal force across the joint with a 
normal cartilage or a normal force with abnormal 
cartilage. 

Typically degenerative joint disease occurs in 
synovial joints and the process is called osteoarthritis. In 
the joints where osteoarthritis occurs the cartilage and 
bony tissues are usually involved, with limited change 
within the synovial membrane. The typical findings 
include reduction in the joint space, eburnation (joint 
sclerosis), osteophytosis (small bony outgrowths), and 
bony cyst formation. As the disease progresses the joint 
may become malaligned, its movement may become 
severely limited, and there may be significant pain. 

The commonest sites for osteoarthritis include the 
small joints of the hands and wrist, and in the lower 
limb, the hip and knee are typically affected, though the 
tarsometatarsal and metatarsophalangeal articulations 
may undergo similar change. 

The etiology of degenerative joint disease is unclear, 
but there are some associations, including genetic 
predisposition, increasing age (males tend to be 
affected younger than females), overuse or underuse of 
joints, and nutritional and metabolic abnormalities. 
Further factors include joint trauma and pre-existing 
articular disease or deformity. 

The histological findings of osteoarthritis consist of 
degenerative changes within the cartilage and the 
subchondral bone. Further articular damage worsens 
these changes, which promote further abnormal 
stresses upon the joint. As the disease progresses the 
typical finding is pain, which is usually worse on rising 
from bed and at the end of a day’s activity. Commonly it 
is aggravated by the extremes of movement or 
unaccustomed exertion. Stiffness and limitation of 
movement may ensue. 

Treatment in the first instance includes alteration of 
lifestyle to prevent pain and simple analgesia. As 
symptoms progress a joint replacement may be 
necessary, but although joint replacement appears to 
be the panacea for degenerative joint disease, it is not 
without risks and complications, which include infection 
and failure in the short and long term. 


In the clinic 


Examination of the knee joint 

It is important to establish the nature of the patient’s 
complaint before any examination. The history should 
include information about the complaint, the signs and 
symptoms, and the patient's lifestyle (level of activity). 
This history may give a significant clue to the type of 
injury and the likely findings on clinical examination, for 
example if the patient was kicked around the medial 
aspect of the knee, a valgus deformity injury to the tibial 
collateral ligament might be suspected. 

The examination should include assessment in the 
erect position, while walking, and on the couch. The 
affected side must be compared with the unaffected side. 

There are many tests and techniques for examining the 
knee joint, including the following. 


Tests for anterior instability 

m Lachman’s test—the patient lies on the couch and 
the examiner places one hand around the distal 
femur, the other around the proximal tibia, and 
elevates the knee producing 20° of flexion. The 
patient’s heel rests on the couch. The examiner's 
thumb must be on the tibial tuberosity. The hand on 
the tibia applies a brisk anteriorly directed force. If 
the movement of the tibia on the femur comes to a 
sudden stop, it is a firm endpoint. If it does not come 
to a sudden stop, the endpoint is described as soft 
and is associated with a tear of the anterior cruciate 
ligament. 

= Anterior drawer test—a positive anterior drawer test 
is when the proximal head of a patient’s tibia can be 
pulled anteriorly on the femur. The patient lies 
supine on the couch. The knee is flexed to 90° and 
the heel and sole of the foot are placed on the 
couch. The examiner sits gently on the patient's foot, 
which has been placed in a neutral position. The 
index fingers are used to check that the hamstrings 
are relaxed while the other fingers encircle the upper 
end of the tibia and pull the tibia. If the tibia moves 
forward, the anterior cruciate ligament is torn. Other 
peripheral structures, such as the medial meniscus or 
meniscotibial ligaments, must also be damaged to 
elicit this sign. 

= Pivot shift test—there are many variations of this 
test. The patient’s foot is wedged between the 
examiner’s body and elbow. The examiner places 
one hand flat under the tibia pushing it forward with 
the knee in extension. The other hand is placed 
against the patient’s thigh pushing it the other way. 


Regional anatomy ° Thigh 





The lower limb is taken into slight abduction by the 
examiner's elbow with the examiner’s body acting as 
a fulcrum to produce the valgus. The examiner 
maintains the anterior tibial translation and the 
valgus and initiates flexion of the patient’s knee. At 
about 20°-30° the pivot shift will occur as the lateral 
tibial plateau reduces. This test demonstrates 
damage to the posterolateral corner of the knee 
joint and the anterior cruciate ligament. 


Tests for posterior instability 

= Posterior drawer test—a positive posterior drawer 
test occurs when the proximal head of a patient’s 
tibia can be pushed posteriorly on the femur. The 
patient is placed in a supine position and the knee is 
flexed to approximately 90° with the foot in the 
neutral position. The examiner sits gently on the 
patient's foot placing both thumbs on the tibial 
tuberosity and pushing the tibia backward. If the 
tibial plateau moves, the posterior cruciate ligament 
is torn. 


Assessment of other structures of the knee 
= Assessment of the tibial collateral ligament can be 
performed by placing a valgus stress on the knee. 
=» Assessment of lateral and posterolateral knee 
structures requires more complex clinical testing. 


The knee will also be assessed for: 


joint line tenderness; 

patellofemoral movement and instability; 
presence of an effusion; 

muscle injury; and 

popliteal fossa masses. 


Further investigations 

After the clinical examination has been carried out, further 
investigations usually include plain radiography and 
possibly magnetic resonance imaging, which allows the 
radiologist to assess the menisci, cruciate ligaments, 
collateral ligaments, bony and cartilage surfaces, and the 
soft tissues. 

Arthroscopy may be carried out and damage to any 
internal structures repaired or trimmed. An arthroscope is 
a small telescope that is placed into the knee joint 
through the anterolateral or anteromedial aspect of the 
knee joint. The joint is filled with a saline solution and the 
telescope is manipulated around the knee joint to assess 
the cruciate ligaments, menisci, and cartilaginous surfaces. 
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Lower limb 


Tibiofibular joint 

The small proximal tibiofibular joint is synovial in type and 
allows very little movement (Fig. 6.77). The opposing joint 
surfaces, on the undersurface of the lateral condyle of the 
tibia and on the superomedial surface of the head of the 
fibula, are flat and circular. The capsule is reinforced by 
anterior and posterior ligaments. 


Popliteal fossa 


The popliteal fossa is an important area of transition 
between the thigh and leg and is the major route by which 
structures pass from one region to the other. 

The popliteal fossa is a diamond-shaped space behind 
the knee joint formed between muscles in the posterior 
compartments of thigh and leg (Fig. 6.78A): 
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Fig. 6.77 Tibiofibular joint. 
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Fig. 6.78 Popliteal fossa. A. Boundaries. B. Nerves and vessels. C. Superficial structures. 


= themargins of the upper part of the diamond are formed 
medially by the distal ends of the semitendinosus and 
semimembranosus muscles and laterally by the distal 
end of the biceps femoris muscle; 

= the margins of the smaller lower part of the space are 
formed medially by the medial head of the gastrocne- 
mius muscle and laterally by the plantaris muscle and 
the lateral head of the gastrocnemius muscle; 

= the floor of the fossa is formed by the capsule of the knee 
joint and adjacent surfaces of the femur and tibia, and, 
more inferiorly, by the popliteus muscle; 

= the roof is formed by deep fascia, which is continuous 
above with the fascia lata of the thigh and below with 
deep fascia of the leg. 


Contents 


The major contents of the popliteal fossa are the popliteal 
artery, the popliteal vein, and the tibial and common 
fibular nerves (Fig. 6.78B). 


Tibial and common fibular nerves 


The tibial and common fibular nerves originate proximal 
to the popliteal fossa as the two major branches of the 
sciatic nerve. They are the most superficial of the neuro- 
vascular structures in the popliteal fossa and enter the 
region directly from above under the margin of the biceps 
femoris muscle: 


= the tibial nerve descends vertically through the pop- 
liteal fossa and exits deep to the margin of plantaris 
muscle to enter the posterior compartment of leg; 

= the common fibular nerve exits by following the biceps 
femoris tendon over the lower lateral margin of the pop- 
liteal fossa, and continues to the lateral side of the leg 
where it swings around the neck of the fibula and enters 
the lateral compartment of leg. 


Popliteal artery and vein 


The popliteal artery is the continuation of the femoral 
artery in the anterior compartment of thigh, and begins as 
the femoral artery passes posteriorly through the adductor 
hiatus in the adductor magnus muscle. 

The popliteal artery appears in the popliteal fossa on 
the upper medial side under the margin of the semimem- 
branosus muscle. It descends obliquely through the fossa 
with the tibial nerve and enters the posterior compart- 


ment of leg where it ends just lateral to the midline of the 
leg by dividing into the anterior and posterior tibial 
arteries. 

The popliteal artery is the deepest of the neurovascular 
structures in the popliteal fossa and is therefore difficult to 
palpate; however, a pulse can usually be detected by deep 
palpation medial to the midline. 

In the popliteal fossa, the popliteal artery gives rise to 
branches, which supply adjacent muscles, and to a series 
of geniculate arteries, which contribute to vascular anas- 
tomoses around the knee. 

The popliteal vein is superficial to and travels with the 
popliteal artery. It exits the popliteal fossa superiorly to 
become the femoral vein by passing through the adductor 
hiatus. 


Roof of popliteal fossa 


The roof of the popliteal fossa is covered by superficial 
fascia and skin (Fig. 6.78C). The most important structure 
in the superficial fascia is the small saphenous vein. This 
vessel ascends vertically in the superficial fascia on the 
back of the leg from the lateral side of the dorsal venous 
arch in the foot. It ascends to the back of the knee where it 
penetrates deep fascia, which forms the roof of the popliteal 
fossa and joins with the popliteal vein. 

One other structure that passes through the roof of the 
fossa is the posterior cutaneous nerve of thigh, which 
descends through the thigh superficial to the hamstring 
muscles, passes through the roof of the popliteal fossa, and 
then continues inferiorly with the small saphenous vein to 
innervate skin on the upper half of the back of the leg. 


LEG 


The leg is that part of the lower limb between the knee joint 
and ankle joint (Fig. 6.79): 





= proximally, most major structures pass between the 
thigh and leg through or in relation to the popliteal 
fossa behind the knee; 

= distally, structures pass between the leg and foot mainly 
through the tarsal tunnel on the posteromedial side of 
the ankle, the exceptions being the anterior tibial artery 
and the ends of the deep and superficial fibular nerves, 
which enter the foot anterior to the ankle. 
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Fig. 6.79 Posterior view of leg; cross-section through the left leg 
(inset). 


The bony framework of the leg consists of two bones, 


the tibia and fibula, arranged in parallel. 


The fibula is much smaller than the tibia and is on the 
lateral side of the leg. It articulates superiorly with the 
inferior aspect of the lateral condyle of the proximal tibia, 
but does not take part in formation of the knee joint. The 
distal end of the fibula is firmly anchored to the tibia by a 
fibrous joint and forms the lateral malleolus of the ankle 


joint. 


The tibia is the weightbearing bone of the leg and is 
therefore much larger than the fibula. Above, it takes part 
in the formation of the knee joint and below it forms the 
medial malleolus and most of the bony surface for articula- 


tion of the leg with the foot at the ankle joint. 


The leg is divided into anterior (extensor), posterior 


(flexor), and lateral (fibular) compartments by: 


an interosseous membrane, which links adjacent 
borders of the tibia and fibula along most of their 
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two intermuscular septa, which pass between the fibula 
and deep fascia surrounding the limb; and 

by direct attachment of the deep fascia to the perios- 
teum of the anterior and medial borders of the tibia (Fig. 
6.79). 


Muscles in the anterior compartment of leg dorsiflex the 
ankle, extend the toes, and invert the foot. Muscles in the 
posterior compartment plantarflex the ankle, flex the toes, 
and invert the foot. Muscles in the lateral compartment 
evert the foot. Major nerves and vessels supply or pass 
through each compartment. 


Bones 
Shaft and distal end of tibia 


The shaft of tibia is triangular in cross-section and has 
anterior, interosseous, and medial borders and medial, 
lateral, and posterior surfaces (Fig. 6.80): 


the anterior and medial borders, and the entire medial 
surface are subcutaneous and easily palpable; 

the interosseous border of the tibia is connected, by the 
interosseous membrane, along its length to the interos- 
seous border of the fibula; 

the posterior surface is marked by an oblique line (the 
soleal line). 


The soleal line descends across the bone from the lateral 
side to the medial side where it merges with the medial 
border. In addition, a vertical line descends down the 
upper part of the posterior surface from the midpoint of 
the soleal line. It disappears in the lower one-third of the 
tibia. 

The shaft of the tibia expands at both the upper and 
lower ends to support the body’s weight at the knee and 
ankle joints. 

The distal end of the tibia is shaped like a rectangular 
box with a bony protuberance on the medial side (the 
medial malleolus; Fig. 6.80). The upper part of the box 
is continuous with the shaft of the tibia while the lower 
surface and the medial malleolus articulate with one of the 
tarsal bones (talus) to form a large part of the ankle joint. 

The posterior surface of the box-like distal end of the 
tibia is marked by a vertical groove, which continues infe- 
riorly and medially onto the posterior surface of the medial 
malleolus. The groove is for the tendon of the tibialis pos- 
terior muscle. 

The lateral surface of the distal end of the tibia is occu- 
pied by a deep triangular notch (the fibular notch), to 
which the distal head of the fibula is anchored by a thick- 
ened part of the interosseous membrane. 
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Fig. 6.80 Tibia and fibula. A. Anterior view. B. Posterior view. C. Cross-section through shafts. D. Posteromedial view of distal ends. 


Shaft and distal end of fibula 


The fibula is not involved in weightbearing. The fibular 
shaft is therefore much narrower than the shaft of the tibia. 
Also, and except for the ends, the fibula is enclosed by 
muscles. 

Like the tibia, the shaft of the fibula is triangular in 
cross-section and has three borders and three surfaces for 
the attachment of muscles, intermuscular septa, and liga- 
ments (Fig. 6.80). The interosseous border of the fibula 
faces and is attached to the interosseous border of the tibia 
by the interosseous membrane. Intermuscular septa attach 
to the anterior and posterior borders. Muscles attach to the 
three surfaces. 

The narrow medial surface faces the anterior com- 
partment of leg, the lateral surface faces the lateral com- 
partment of leg, and the posterior surface faces the 
posterior compartment of leg. 


The posterior surface is marked by a vertical crest 
(medial crest), which divides the posterior surface into 
two parts each attached to a different deep flexor muscle. 

The distal end of the fibula expands to form the spade- 
shaped lateral malleolus (Fig. 6.80). 

The medial surface of the lateral malleolus bears a facet 
for articulation with the lateral surface of talus, thereby 
forming the lateral part of the ankle joint. Just superior to 
this articular facet is a triangular area, which fits into the 
fibular notch on the distal end of the tibia. Here the tibia 
and fibula are joined together by the distal end of the inter- 
osseous membrane. Posteroinferior to the facet for articu- 
lation with the talus is a pit or fossa (the malleolar fossa) 
for the attachment of the posterior talofibular ligament 
associated with the ankle joint. 

The posterior surface of the lateral malleolus is marked 
by a shallow groove for the tendons of the fibularis longus 
and fibularis brevis muscles. 
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Lower limb 


Joints 
Interosseous membrane of leg 


The interosseous membrane of leg is a tough fibrous sheet 
of connective tissue that spans the distance between facing 
interosseous borders of the tibial and fibular shafts (Fig. 
6.81). The collagen fibers descend obliquely from the inter- 
osseous border of the tibia to the interosseous border of the 
fibula, except superiorly where there is a ligamentous 
band, which ascends from the tibia to fibula. 

There are two apertures in the interosseous membrane, 
one at the top and the other at the bottom, for vessels to 
pass between the anterior and posterior compartments of 
leg. 

The interosseous membrane not only links the tibia and 
fibula together, but also provides an increased surface area 
for muscle attachment. 

The distal ends of the fibula and tibia are held together 
by the inferior aspect of the interosseous membrane, which 
spans the narrow space between the fibular notch on the 
lateral surface of the distal end of the tibia and the corre- 
sponding surface on the distal end of the fibula. This 
expanded end of the interosseous membrane is reinforced 
by anterior and posterior tibiofibular ligaments. This 


Aperture for anterior tibial vessels 


Interosseous membrane 


Anterior tibiofibular ligament 





firm linking together of the distal ends of the tibia and 
fibula is essential to produce the skeletal framework for 
articulation with the foot at the ankle joint. 


Posterior compartment of leg 
Muscles 


Muscles in the posterior (flexor) compartment of leg are 
organized into two groups, superficial and deep, separated 
by a layer of deep fascia. Generally, the muscles mainly 
plantarflex and invert the foot and flex the toes. All are 
innervated by the tibial nerve. 


Superficial group 


The superficial group of muscles in the posterior compart- 
ment of leg comprises three muscles—the gastrocnemius, 
plantaris, and soleus (Table 6.6)—all of which insert onto 
the heel (calcaneus) of the foot and plantarflex the foot at 
the ankle joint (Fig. 6.82). As a unit, these muscles are 
large and powerful because they propel the body forward 
off the planted foot during walking and can elevate the 
body upward onto the toes when standing. Two of 
the muscles (gastrocnemius and plantaris) originate on 
the distal end of the femur and can also flex the knee. 


Interosseous membrane 


Posterior tibiofibular ligament 
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Fig. 6.81 Interosseous membrane. A. Anterior view. B. Posteromedial view. 


Gastrocnemius 


The gastrocnemius muscle is the most superficial of the 
muscles in the posterior compartment and is one of the 
largest muscles in the leg (Fig. 6.82). It originates from two 
heads, one lateral and one medial: 


the medial head is attached to an elongate roughen- 
ing on the posterior aspect of the distal femur just 
behind the adductor tubercle and above the articular 
surface of the medial condyle; 

the lateral head originates from a distinct facet on the 
upper lateral surface of the lateral femoral condyle 
where it joins the lateral supracondylar line. 


At the knee, the facing margins of the two heads of the 
gastrocnemius form the lateral and medial borders of the 
lower end of the popliteal fossa. 

In the upper leg, the heads of the gastrocnemius combine 
to form a single elongate muscle belly, which forms much 
of the soft tissue bulge identified as the calf. 

In the lower leg, the muscle fibers of the gastrocnemius 
converge with those of the deeper soleus muscle to form 
the calcaneal tendon, which attaches to the calcaneus 
(heel) of the foot. 

The gastrocnemius plantarflexes the foot at the ankle 
joint and can also flex the leg at the knee joint. It is inner- 
vated by the tibial nerve. 


Plantaris 


The plantaris has a small muscle belly proximally and a 
long thin tendon, which descends through the leg and 
joins the calcaneal tendon (Fig. 6.82). The muscle takes 
origin superiorly from the lower part of the lateral supra- 
condylar ridge of the femur and from the oblique popliteal 
ligament associated with the knee joint. 


Regional anatomy ° Leg 


The short spindle-shaped muscle body of the plantaris 
descends medially, deep to the lateral head of the gastroc- 
nemius, and forms a thin tendon, which passes between 
the gastrocnemius and soleus muscles and eventually fuses 
with the medial side of the calcaneal tendon near its attach- 
ment to the calcaneus. 

The plantaris contributes to plantarflexion of the foot at 
the ankle joint and flexion of the leg at the knee joint, and 
is innervated by the tibial nerve. 


Soleus 


The soleus is a large flat muscle under the gastrocnemius 
muscle (Fig. 6.82). It is attached to the proximal ends of 
the fibula and tibia, and to a tendinous ligament, which 
spans the distance between the two heads of attachment 
to the fibula and tibia: 


on the proximal end of the fibula, the soleus originates 
from the posterior aspect of the head and adjacent 
surface of the neck and upper shaft of the fibula; 

on the tibia, the soleus originates from the soleal line 
and adjacent medial border; 

the ligament, which spans the distance between the 
attachments to the tibia and fibula, arches over the pop- 
liteal vessels and tibial nerve as they pass from the pop- 
liteal fossa into the deep region of the posterior 
compartment of leg. 


In the lower leg, the soleus muscle narrows to join the 
calcaneal tendon that attaches to the calcaneus. 

The soleus muscle, together with the gastrocnemius 
and plantaris, plantarflexes the foot at the ankle joint. It is 
innervated by the tibial nerve. 


Table 6.6 Superficial group of muscles in the posterior compartment of leg (spinal segments in bold are the major segments 


innervating the muscle) 


Muscle Origin 


Gastrocnemius Medial head—posterior surface of distal femur just 
superior to medial condyle; lateral head—upper 


posterolateral surface of lateral femoral condyle 


Plantaris Inferior part of lateral supracondylar line of femur 
and oblique popliteal ligament of knee 
Soleus Soleal line and medial border of tibia; posterior 


aspect of fibular head and adjacent surfaces of 
neck and proximal shaft; tendinous arch between 
tibial and fibular attachments 


Insertion Innervation Function 

Via calcaneal tendon, to Tibial nerve Plantarflexes foot 
posterior surface of calcaneus [S1, $2] and flexes knee 

Via calcaneal tendon, to Tibial nerve Plantarflexes foot 
posterior surface of calcaneus [S1, $2] and flexes knee 

Via calcaneal tendon, to Tibial nerve Plantarflexes the foot 
posterior surface of calcaneus [S1, $2] 
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Lower limb 
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Deep group 


There are four muscles in the deep posterior compartment 
of leg (Fig. 6.83)—the popliteus, flexor hallucis longus, 
flexor digitorum longus, and tibialis posterior (Table 6.7). 
The popliteus muscle acts on the knee, whereas the other 
three muscles act mainly on the foot. 


Popliteus 


The popliteus is the smallest and most superior of the deep 
muscles in the posterior compartment of the leg. It unlocks 
the extended knee at the initiation of flexion and stabilizes 
the knee by resisting lateral (external) rotation of the tibia 
on the femur. It is flat and triangular in shape, forms part 
of the floor of the popliteal fossa (Fig. 6.83), and is inserted 
into a broad triangular region above the soleal line on the 
posterior surface of the tibia. 

The popliteus muscle ascends laterally across the lower 
aspect of the knee and originates from a tendon, which 
penetrates the fibrous membrane of the joint capsule of the 
knee. The tendon ascends laterally around the joint where 
it passes between the lateral meniscus and the fibrous 
membrane and then into a groove on the inferolateral 
aspect of the lateral femoral condyle. The tendon attaches 
to and originates from a depression at the anterior end of 
the groove. 

When initiating gait from a standing position, contrac- 
tion of the popliteus laterally rotates the femur on the fixed 
tibia, unlocking the knee joint. The popliteus muscle is 
innervated by the tibial nerve. 


Flexor hallucis longus 


The flexor hallucis longus muscle originates on the lateral 
side of the posterior compartment of leg and inserts into the 
plantar surface of the great toe on the medial side of the 
foot (Fig. 6.83). It arises mainly from the lower two-thirds 
of the posterior surface of the fibula and adjacent interos- 
seous membrane. 

The muscle fibers of the flexor hallucis longus converge 
inferiorly to form a large cord-like tendon, which passes 
behind the distal head of the tibia and then slips into a dis- 
tinct groove on the posterior surface of the adjacent tarsal 
bone (talus) of the foot. The tendon curves anteriorly first 
under the talus and then under a shelf of bone (the susten- 
taculum tali), which projects medially from the calcaneus, 
and then continues anteriorly through the sole of the foot 
to insert on the inferior surface of the base of the distal 
phalanx of the great toe. 

The flexor hallucis longus flexes the great toe. It is par- 
ticularly active during the toe-off phase of walking when 
the body is propelled forward off the stance leg and the 
great toe is the last part of the foot to leave the ground. It 
can also contribute to plantarflexion of the foot at the ankle 
joint and is innervated by the tibial nerve. 
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Fig. 6.83 Deep group of muscles in the posterior compartment of 
leg. 
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Lower limb 


Flexor digitorum longus 


The flexor digitorum longus muscle originates on the 
medial side of the posterior compartment of leg and inserts 
into the lateral four digits of the foot (Fig. 6.83). It arises 
mainly from the medial side of the posterior surface of the 
tibia inferior to the soleal line. 

The flexor digitorum longus descends in the leg and 
forms a tendon, which crosses posterior to the tendon of the 
tibialis posterior muscle near the ankle joint. The tendon 
continues inferiorly in a shallow groove behind the medial 
malleolus and then swings forward to enter the sole of the 
foot. It crosses inferior to the tendon of the flexor hallucis 
longus muscle to reach the medial side of the foot and then 
divides into four tendons, which insert on the plantar sur- 
faces of the bases of the distal phalanges of digits II to V. 

The flexor digitorum longus flexes the lateral four toes. 
It is involved with gripping the ground during walking and 
propelling the body forward off the toes at the end of the 
stance phase of gait. It is innervated by the tibial nerve. 


Tibialis posterior 


The tibialis posterior muscle originates from the interosse- 
ous membrane and the adjacent posterior surfaces of the 
tibia and fibula (Fig. 6.83). It lies between and is over- 
lapped by the flexor digitorum longus and the flexor hal- 
lucis longus muscles. 

Near the ankle, the tendon of the tibialis posterior is 
crossed superficially by the tendon of the flexor digitorum 
longus muscle and lies medial to this tendon in the groove 
on the posterior surface of the medial malleolus. The tendon 
curves forward under the medial malleolus and enters the 
medial side of the foot. It wraps around the medial margin 
of the foot to attach to the plantar surfaces of the medial 
tarsal bones, mainly to the tuberosity of the navicular and 
to the adjacent region of the medial cuneiform. 

The tibialis posterior inverts and plantarflexes the foot, 
and supports the medial arch of the foot during walking. It 
is innervated by the tibial nerve. 


In the clinic 


Neurological examination of the legs 

Some of the commonest conditions that affect the legs 
are peripheral neuropathy (particularly associated with 
diabetes mellitus), lumbar nerve root lesions (associated 
with pathology of the intervertebral discs), fibular nerve 
palsy, and spastic paraparesis. 


= Look for muscle wasting—loss of muscle mass 
may indicate loss of or reduced innervation. 

= Test the power in muscle groups—hip flexion (L1, 
L2—iliopsoas—straight leg raise); knee flexion (L5 
to S2—hamstrings—the patient tries to bend the 
knee while the examiner applies force to the leg to 
hold the knee in extension); knee extension (L3, 
L4—quadriceps femoris—the patient attempts to 
keep the leg straight while the examiner applies a 
force to the leg to flex the knee joint); ankle 
plantarflexion (S1, S2—the patient pushes the foot 
down while the examiner applies a force to the 
plantar surface of the foot to dorsiflex the ankle 
joint); ankle dorsiflexion (L4, Ls—the patient pulls 
the foot upward while the examiner applies a 
force to the dorsal aspect of the foot to plantarflex 
the ankle joint). 

=» Examine knee and ankle reflexes—a tap with a 
tendon hammer on the patella ligament (tendon) 
tests reflexes at the L3-L4 spinal levels and 
tapping the calcaneal tendon tests reflexes at the 
S1-S2 spinal levels. 

= Assess status of general sensory input to lumbar 
and upper sacral spinal cord levels—test light 
touch, pin prick, and vibration sense at 
dermatomes in the lower limb. 


Table 6.7 Deep group of muscles in the posterior compartment of leg (spinal segments in bold are the major segments innervating 


the muscle) 
Muscle Origin Insertion Innervation Function 
Popliteus Lateral femoral condyle Posterior surface of proximal Tibial nerve Stabilizes knee joint (resists 
tibia [L4 to S1] lateral rotation of tibia on 

femur) 
Unlocks knee joint (laterally 
rotates femur on fixed tibia) 

Flexor hallucis Posterior surface of fibula and Plantar surface of distal phalanx Tibial nerve Flexes great toe 

longus adjacent interosseous membrane of great toe [S2, S3] 

Flexor digitorum Medial side of posterior surface of Plantar surfaces of bases of distal Tibial nerve Flexes lateral four toes 

longus the tibia phalanges of the lateral four toes [S2, S3] 

Tibialis posterior Posterior surfaces of interosseous Mainly to tuberosity of navicular Tibial nerve Inversion and plantarflexion of 

membrane and adjacent regions and adjacent region of medial [L4, L5] foot; support of medial arch of 


of tibia and fibula 


cuneiform 


foot during walking 


Arteries 
Popliteal artery 


The popliteal artery is the major blood supply to the leg 
and foot and enters the posterior compartment of leg from 
the popliteal fossa behind the knee (Fig. 6.84). 

The popliteal artery passes into the posterior compart- 
ment of leg between the gastrocnemius and popliteus 
muscles. As it continues inferiorly it passes under the ten- 
dinous arch formed between the fibular and tibial heads of 
the soleus muscle and enters the deep region of the poste- 
rior compartment of leg where it immediately divides into 
an anterior tibial artery and a posterior tibial artery. 

Two large sural arteries, one on each side, branch from 
the popliteal artery to supply the gastrocnemius, soleus 
and plantaris muscles (Fig. 6.84). In addition, the popliteal 
artery gives rise to branches that contribute to a collateral 
network of vessels around the knee joint (see Fig. 6.76). 


Anterior tibial artery 


The anterior tibial artery passes forward through 
the aperture in the upper part of the interosseous mem- 
brane and enters and supplies the anterior compartment 
of leg. It continues inferiorly onto the dorsal aspect of the 
foot. 


Posterior tibial artery 


The posterior tibial artery supplies the posterior and 
lateral compartments of the leg and continues into the sole 
of the foot (Fig. 6.84). 

The posterior tibial artery descends through the deep 
region of the posterior compartment of leg on the superfi- 
cial surfaces of the tibialis posterior and flexor digitorum 
longus muscles. It passes through the tarsal tunnel behind 
the medial malleolus and into the sole of the foot. 

In the leg, the posterior tibial artery supplies adjacent 
muscles and bone and has two major branches, the cir- 
cumflex fibular artery and the fibular artery: 


= the circumflex fibular artery passes laterally through 
the soleus muscle and around the neck of the fibula to 
connect with the anastomotic network of vessels sur- 
rounding the knee (Fig. 6.84; see also Fig. 6.76); 

= the fibular artery parallels the course of the tibial 
artery, but descends along the lateral side of the poste- 
rior compartment adjacent to the medial crest on the 
posterior surface of the fibula, which separates the 
attachments of the tibialis posterior and flexor hallucis 
longus muscles; 
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Fig. 6.84 Arteries in the posterior compartment of leg. 
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Lower limb 


The fibular artery supplies adjacent muscles and bone 
in the posterior compartment of leg and also has branches 
that pass laterally through the intermuscular septum to 
supply the fibularis muscles in the lateral compartment of 
leg. 

A perforating branch that originates from the fibular 
artery distally in the leg passes anteriorly through the infe- 
rior aperture in the interosseous membrane to anastomose 
with a branch of the anterior tibial artery. 

The fibular artery passes behind the attachment between 
the distal ends of the tibia and fibula and terminates in a 
network of vessels over the lateral surface of the 
calcaneus. 


Veins 


Deep veins in the posterior compartment generally follow 
the arteries. 


Nerves 
Tibial nerve 


The nerve associated with the posterior compartment of 
leg is the tibial nerve (Fig. 6.85), a major branch of the 
sciatic nerve that descends into the posterior compartment 
from the popliteal fossa. 

The tibial nerve passes under the tendinous arch formed 
between the fibular and tibial heads of the soleus muscle 
and passes vertically through the deep region of the poste- 
rior compartment of leg on the surface of the tibialis poste- 
rior muscle with the posterior tibial vessels. 

The tibial nerve leaves the posterior compartment of leg 
at the ankle by passing through the tarsal tunnel behind 
the medial malleolus. It enters the foot to supply most 
intrinsic muscles and skin. 

In the leg, the tibial nerve gives rise to: 


= branches that supply all the muscles in the posterior 
compartment of leg; and 

= two cutaneous branches, the sural nerve and medial 
calcaneal nerve. 


Branches of the tibial nerve that innervate the superfi- 
cial group of muscles of the posterior compartment and 
popliteus muscle of the deep group originate high in the leg 
between the two heads of the gastrocnemius muscle in the 
distal region of the popliteal fossa (Fig. 6.86). Branches 
innervate the gastrocnemius, plantaris, and soleus muscles, 
and pass more deeply into the popliteus muscle. 


Sciatic nerve 


Adductor 
hiatus 


Sural nerve 


Common 
fibular nerve 





Sural nerve 


Penetrates 
deep fascia 


Medial 
calcaneal 
nerve 





Fig. 6.85 Tibial nerve. A. Posterior view. B. Sural nerve. 


Branches to the deep muscles of the posterior compart- 
ment originate from the tibial nerve deep to the soleus 
muscle in the upper half of the leg and innervate the tibialis 
posterior, flexor hallucis longus, and flexor digitorum 
longus muscles. 


Sural nerve 


The sural nerve originates high in the leg between the two 
heads of the gastrocnemius muscle (Fig. 6.85). It descends 
superficial to the belly of the gastrocnemius muscle and 
penetrates through the deep fascia approximately in the 
middle of the leg where it is joined by a sural communicat- 
ing branch from the common fibular nerve. It passes down 
the leg, around the lateral malleolus, and into the foot. 

The sural nerve supplies skin on the lower posterolat- 
eral surface of the leg and the lateral side of the foot and 
little toe. 


Medial calcaneal nerve 


The medial calcaneal nerve is often multiple and originates 
from the tibial nerve low in the leg near the ankle and 
descends onto the medial side of the heel. 

The medial calcaneal nerve innervates skin on the 
medial surface and sole of the heel (Fig. 6.85). 


Lateral compartment of leg 
Muscles 


There are two muscles in the lateral compartment of leg— 
the fibularis longus and fibularis brevis (Fig. 6.86 and 
Table 6.8). Both evert the foot (turn the sole outward) and 
are innervated by the superficial fibular nerve, which is a 
branch of the common fibular nerve. 


Fibularis longus 


The fibularis longus muscle arises in the lateral compart- 
ment of leg, but its tendon crosses under the foot to attach 
to bones on the medial side (Fig. 6.86). It originates from 
both the upper lateral surface of the fibula and from the 
anterior aspect of the fibular head and occasionally up 
onto the adjacent region of the lateral tibial condyle. 





The common fibular nerve passes anteriorly around the 
fibular neck between the attachments of the fibularis 
longus to the fibular head and shaft. 

Distally, the fibularis longus descends in the leg to form 
a tendon, which, in order: 
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Fig. 6.86 Muscles in the lateral compartment of leg. A. Lateral 
view. B. Inferior view of the right foot, with the foot 
plantarflexed at the ankle. 


Table 6.8 Muscles of the lateral compartment of leg (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 

Fibularis Upper lateral surface of fibula, head Undersurface of lateral sides of distal 

longus of fibula, and occasionally the lateral end of medial cuneiform and base of 
tibial condyle metatarsal | 

Fibularis Lower two-thirds of lateral surface Lateral tubercle at base of 

brevis of shaft of fibula metatarsal V 


Innervation Function 


Superficial fibular 
nerve [L5, $1, S2] 


Eversion and plantarflexion of 
foot; supports arches of foot 


Superficial fibular Eversion of foot 


nerve [L5, $1, S2] 
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Lower limb 


passes posterior to the lateral malleolus in a shallow 
bony groove; 

swings forward to enter the lateral side of the foot; 
descends obliquely down the lateral side of the foot 
where it curves forward under a bony tubercle (fibular 
trochlea) of the calcaneus; 

enters a deep groove on the inferior surface of one of the 
other tarsal bones (the cuboid); and 

swings under the foot to cross the sole and attach to the 
inferior surfaces of bones on the medial side of the foot 
(lateral sides of the base of metatarsal I and the distal 
end of the medial cuneiform). 


The fibularis longus everts and plantarflexes the foot. In 
addition, the fibularis longus, tibialis anterior, and tibialis 
posterior muscles, which all insert on the undersurfaces of 
bones on the medial side of the foot, together act as a stirrup 
to support the arches of the foot. The fibularis longus sup- 
ports mainly the lateral and transverse arches. 

The fibularis longus is innervated by the superficial 
fibular nerve. 


Fibularis brevis 


The fibularis brevis muscle is deep to the fibularis 
longus muscle in the leg and originates from the lower 
two-thirds of the lateral surface of the shaft of the fibula 
(Fig. 6.86). 

The tendon of fibularis brevis passes behind the lateral 
malleolus with the tendon of the fibularis longus muscle 
and then curves forward across the lateral surface of the 
calcaneus to attach to a tubercle on the lateral surface of 
the base of metatarsal V (the metatarsal associated with 
the little toe). 

The fibularis brevis assists in eversion of the foot and is 
innervated by the superficial fibular nerve. 


Arteries 


No major artery passes vertically through the lateral 
compartment of leg. It is supplied by branches (mainly 
from the fibular artery in the posterior compartment of 
leg) that penetrate into the lateral compartment (Fig. 
6:57): 


Veins 


Deep veins generally follow the arteries. 


Nerves 
Superficial fibular nerve 


The nerve associated with the lateral compartment of leg 
is the superficial fibular nerve. This nerve originates as 
one of the two major branches of the common fibular 
nerve, which enters the lateral compartment of leg from 
the popliteal fossa (Fig. 6.8 7B). 


The common fibular nerve originates from the sciatic 
nerve in the posterior compartment of thigh or in the pop- 
liteal fossa (Fig. 6.8 7A), and follows the medial margin of the 
biceps femoris tendon over the lateral head of the gastrocne- 
mius muscle and toward the fibula. Here it gives origin to 
two cutaneous branches, which descend in the leg: 


the sural communicating nerve, which joins the 
sural branch of the tibial nerve and contributes to 
innervation of skin over the lower posterolateral side of 
the leg; 

the lateral sural cutaneous nerve, which innervates 
skin over the upper lateral leg. 


The common fibular nerve continues around the neck 
of the fibula and enters the lateral compartment by passing 
between the attachments of the fibularis longus muscle to 
the head and shaft of fibula. Here the common fibular 
nerve divides into its two terminal branches: 


the superficial fibular nerve; 
the deep fibular nerve. 


The superficial fibular nerve descends in the lateral 
compartment deep to the fibularis longus and innervates 
the fibularis longus and fibularis brevis (Fig. 6.8 7B). It then 
penetrates deep fascia in the lower leg and enters the foot 
where it divides into medial and lateral branches, which 
supply dorsal areas of the foot and toes except for: 


the web space between the great and second toes, which 
is supplied by the deep fibular nerve; 

the lateral side of the little toe, which is supplied by the 
sural branch of the tibial nerve. 


The deep fibular nerve passes anteromedially through 
the intermuscular septum into the anterior compartment 
of leg, which it supplies. 


Anterior compartment of leg 
Muscles 


There are four muscles in the anterior compartment of the 
leg—the tibialis anterior, extensor hallucis longus, exten- 
sor digitorum longus, and fibularis tertius (Fig. 6.88 and 
Table 6.9). Collectively they dorsiflex the foot at the ankle 
joint, extend the toes, and invert the foot. All are inner- 
vated by the deep fibular nerve, which is a branch of the 
common fibular nerve. 


Tibialis anterior 


The tibialis anterior muscle is the most anterior and 
medial of the muscles in the anterior compartment of leg 
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Fig. 6.87 Common fibular nerve, and nerves and arteries of the 
lateral compartment of leg. A. Posterior view, right leg. B. Lateral 


view, right leg. 
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Fig. 6.88 Muscles of the anterior compartment of leg. 


(Fig. 6.88). It originates mainly from the upper two-thirds 
of the lateral surface of the shaft of the tibia and adjacent 
surface of the interosseous membrane. It also originates 
from deep fascia. 

The muscle fibers of the tibialis anterior converge in the 
lower one-third of the leg to form a tendon, which descends 
into the medial side of the foot, where it attaches to the 
medial and inferior surfaces of one of the tarsal bones 
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Lower limb 


Table 6.9 Muscles of the anterior compartment of leg (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 
Lateral surface of tibia and 
adjacent interosseous membrane 


Tibialis anterior 


Medial and inferior surfaces of 
medial cuneiform and adjacent 
surfaces on base of metatarsal | 


Innervation Function 


Dorsiflexion of foot at ankle 
joint; inversion of foot; dynamic 
support of medial arch of foot 


Deep fibular 
nerve [L4, L5] 


Extensor hallucis Middle one-half of medial surface Dorsal surface of base of distal Deep fibular Extension of great toe and 
longus of fibula and adjacent surface of phalanx of great toe nerve [L5, dorsiflexion of foot 

interosseous membrane $1] 
Extensor Proximal one-half of medial Via dorsal digital expansions Deep fibular Extension of lateral four toes 
digitorum longus surface of fibula and related into bases of distal and middle nerve [L5, and dorsiflexion of foot 

surface of lateral tibial condyle phalanges of lateral four toes S1] 
Fibularis tertius Distal part of medial surface of Dorsomedial surface of base of Deep fibular Dorsiflexion and eversion of foot 

fibula metatarsal V nerve [L5, 

S1] 


(medial cuneiform) and adjacent parts of metatarsal I asso- 
ciated with the great toe. 

The tibialis anterior dorsiflexes the foot at the ankle joint 
and inverts the foot at the intertarsal joints. During 
walking, it provides dynamic support for the medial arch 
of the foot. 

The tibialis anterior is innervated by the deep fibular 
nerve. 


Extensor hallucis longus 


The extensor hallucis longus muscle lies next to 
and is partly overlapped by the tibialis anterior muscle 
(Fig. 6.88). It originates from the middle one-half of the 
medial surface of the fibula and adjacent interosseous 
membrane. 

The tendon of the extensor hallucis longus appears 
between the tendons of the tibialis anterior and extensor 
digitorum longus in the lower one-half of the leg and 
descends into the foot. It continues anteriorly on the medial 
side of the dorsal surface of the foot to near the end of the 
great toe where it inserts on the upper surface of the base 
of the distal phalanx. 

The extensor hallucis longus extends the great toe. 
Because it crosses anterior to the ankle joint, it also dorsi- 
flexes the foot at the ankle joint. Like all muscles in the 
anterior compartment of leg, the extensor hallucis longus 
muscle is innervated by the deep fibular nerve. 


Extensor digitorum longus 


The extensor digitorum longus muscle is the most pos- 
terior and lateral of the muscles in the anterior compart- 
ment of leg (Fig. 6.88). It originates mainly from the upper 
one-half of the medial surface of the fibula lateral to and 
above the origin of the extensor hallucis longus muscle, 
and extends superiorly onto the lateral condyle of the tibia. 
Like the tibialis anterior muscle, it also originates from 
deep fascia. 


The extensor digitorum longus muscle descends to form 
a tendon, which continues into the dorsal aspect of the 
foot, where it divides into four tendons, which insert, via 
dorsal digital expansions, into the dorsal surfaces of the 
bases of the middle and distal phalanges of the lateral four 
toes. 

The extensor digitorum longus extends the toes and 
dorsiflexes the foot at the ankle joint, and is innervated by 
the deep fibular nerve. 


Fibularis tertius 


The fibularis tertius muscle is normally considered part 
of the extensor digitorum longus (Fig. 6.88). The fibularis 
tertius originates from the medial surface of the fibula 
immediately below the origin of the extensor digitorum 
longus muscle and the two muscles are normally 
connected. 

The tendon of the fibularis tertius descends into the foot 
with the tendon of the extensor digitorum longus. On the 
dorsal aspect of the foot, it deviates laterally to insert into 
the dorsomedial surface of the base of metatarsal V (the 
metatarsal associated with the little toe). 

The fibularis tertius assists in dorsiflexion and possibly 
eversion of the foot, and is innervated by the deep fibular 
nerve. 


Arteries 
Anterior tibial artery 


The artery associated with the anterior compartment of leg 
is the anterior tibial artery, which originates from the 
popliteal artery in the posterior compartment of leg and 
passes forward into the anterior compartment of leg 
through an aperture in the interosseous membrane. 

The anterior tibial artery descends through the anterior 
compartment on the interosseous membrane (Fig. 6.89). 
In the distal leg, it lies between the tendons of the tibialis 
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Fig. 6.89 Anterior tibial artery and deep fibular nerve. 


anterior and extensor hallucis longus muscles. It leaves the 
leg by passing anterior to the distal end of the tibia and 
ankle joint and continues onto the dorsal aspect of the foot 
as the dorsalis pedis artery. 

In the proximal leg, the anterior tibial artery has a 
recurrent branch, which connects with the anastomotic 
network of vessels around the knee joint. 

Along its course, the anterior tibial artery supplies 
numerous branches to adjacent muscles and is joined by 
the perforating branch of the fibular artery, which passes 
forward through the lower aspect of the interosseous mem- 
brane from the posterior compartment of leg. 

Distally, the anterior tibial artery gives rise to an ante- 
rior medial malleolar artery and an anterior lateral 
malleolar artery, which pass posteriorly around the 
distal ends of the tibia and fibula, respectively, and connect 
with vessels from the posterior tibial and fibular arteries to 
form an anastomotic network around the ankle. 


Veins 


Deep veins follow the arteries and have similar names. 


Nerves 
Deep fibular nerve 


The nerve associated with the anterior compartment of the 
leg is the deep fibular nerve (Fig. 6.89). This nerve origi- 
nates in the lateral compartment of leg as one of the two 
divisions of the common fibular nerve. 

The deep fibular nerve passes anteromedially through 
the intermuscular septum that separates the lateral from 
the anterior compartments of leg and then passes deep 
to the extensor digitorum longus. It reaches the anterior 
interosseous membrane where it meets and descends with 
the anterior tibial artery. 

The deep fibular nerve: 


innervates all muscles in the anterior compartment; 
then continues into the dorsal aspect of the foot where 
it innervates the extensor digitorum brevis, contributes 
to the innervation of the first two dorsal interossei 
muscles, and supplies the skin between the great and 
second toes. 
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Lower limb 


FOOT 


The foot is the region of the lower limb distal to the ankle 
joint. It is subdivided into the ankle, the metatarsus, and 
the digits. 

There are five digits consisting of the medially positioned 
great toe (digit I) and four more laterally placed digits, 
ending laterally with the little toe (digit V) (Fig. 6.90). 

The foot has a superior surface (dorsum of foot) and 
an inferior surface (sole; Fig. 6.90). 

Abduction and adduction of the toes are defined with 
respect to the long axis of the second digit. Unlike in the 
hand where the thumb is oriented 90° to the other fingers, 
the great toe is oriented in the same position as the other 
toes. The foot is the body’s point of contact with the ground 
and provides a stable platform for upright stance. It also 
levers the body forward during walking. 
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Bones 
There are three groups of bones in the foot (Fig. 6.91): 


= the seven tarsal bones, which form the skeletal frame- 
work for the ankle; 

= metatarsals (I to V), which are the bones of the 
metatarsus; 

= the phalanges, which are the bones of the toes—each 
toe has three phalanges, except for the great toe, which 
has two. 


Tarsal bones 


The tarsal bones are arranged in a proximal group and a 
distal group with an intermediate bone between the two 
groups on the medial side of the foot (Fig. 6.91A). 
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Fig. 6.90 Foot. A. Dorsal aspect, right foot. B. Plantar aspect, right foot, showing the surface in contact with the ground when standing. 
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The proximal group consists of two large bones, the talus the medial side of the foot; 
(Latin for “ankle”) and the calcaneus (Latin for “heel”): = the calcaneus is the largest of the tarsal bones—poste- 
riorly it forms the bony framework of the heel and ante- 
= the talus is the most superior bone of the foot and sits riorly projects forward to articulate with one of the 
on top of and is supported by the calcaneus (Fig. distal group of tarsal bones (cuboid) on the lateral side 
6.91B)—it articulates above with the tibia and fibula to of the foot. 


form the ankle joint and also projects forward to articu- 
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Fig. 6.91 Bones of the foot. A. Dorsal view, right foot. B. Lateral view, right foot. 601 
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Lower limb 


Talus 


The talus, when viewed from the medial or lateral sides, is 
snail shaped (Fig. 6.92A and 6.92B). It has a rounded 
head, which is projected forward and medially at the end 
of a short broad neck, which is connected posteriorly to 
an expanded body. 

Anteriorly, the head of the talus is domed for articula- 
tion with a corresponding circular depression on the pos- 
terior surface of the navicular bone. Inferiorly, this domed 
articular surface is continuous with an additional three 
articular facets separated by smooth ridges: 


the anterior and middle facets articulate with adjacent 
surfaces on the calcaneus bone; 

the other facet, medial to the facets for articulation with 
the calcaneus, articulates with a ligament—the plantar 
calcaneonavicular ligament (spring ligament)—which 
connects the calcaneus to the navicular under the head 
of the talus. 


The neck of the talus is marked by a deep groove (the 
sulcus tali), which passes obliquely forward across the 
inferior surface from medial to lateral, and expands dra- 
matically on the lateral side. Posterior to the sulcus tali is 
a large facet (posterior calcaneal surface) for articulation 
with the calcaneus. 

The superior aspect of the body of the talus is elevated 
to fit into the socket formed by the distal ends of the tibia 
and fibula to form the ankle joint: 
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Fig. 6.92 Talus. A. Medial view. B. Inferior view. 
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the upper (trochlear) surface of this elevated region 
articulates with the inferior end of the tibia; 

the medial surface articulates with the medial malleo- 
lus of the tibia; 

the lateral surface articulates with the lateral malleolus 
of the fibula. 


Because the lateral malleolus is larger and projects more 
inferiorly than the medial malleolus at the ankle joint, the 
corresponding lateral articular surface on the talus is larger 
and projects more inferiorly than the medial surface. 

The lower part of the lateral surface of the body of the 
talus, which supports the lower part of the facet for articu- 
lation with the fibula, forms a bony projection (the lateral 
process). 

The inferior surface of the body of the talus has a large 
oval concave facet (the posterior calcaneal articular 
facet) for articulation with the calcaneus. 

The posterior aspect of the body of the talus consists of 
a backward and medially facing projection (the posterior 
process). The posterior process is marked on its surface by 
a lateral tubercle and a medial tubercle, which bracket 
between them the groove for tendon of the flexor hal- 
lucis longus as it passes from the leg into the foot. 
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Calcaneus 


The calcaneus sits under and supports the talus. It is an 
elongate, irregular, box-shaped bone with its long axis 
generally oriented along the midline of the foot, but deviat- 
ing lateral to the midline anteriorly (Fig. 6.93). 

The calcaneus projects behind the ankle joint to form 
the skeletal framework of the heel. The posterior surface of 
this heel region is circular and divided into upper, middle, 
and lower parts. The calcaneal tendon (Achilles tendon) 
attaches to the middle part: 


= the upper part is separated from the calcaneal tendon 
by a bursa; 

= the lower part curves forward, is covered by subcutane- 
ous tissue, is the weightbearing region of the heel, and 
is continuous onto the plantar surface of the bone as 
the calcaneal tuberosity. 


The calcaneal tuberosity projects forward on the plantar 
surface as a large medial process and a small lateral process 
separated from each other by a V-shaped notch (Fig. 6.9 3B). 
At the anterior end of the plantar surface is a tubercle (the 
calcaneal tubercle) for the posterior attachment of the 
short plantar ligament of the sole of the foot. 

The lateral surface of the calcaneus has a smooth 
contour except for two slightly raised regions (Fig. 6.93C). 
One of these raised areas—the fibular trochlea (peroneal 
tubercle)—is anterior to the middle of the surface and often 
has two shallow grooves, which pass, one above the other, 
obliquely across its surface. The tendons of the fibularis 


Anterior talar articular surface 
A 








Middle talar 
articular surface 


Calcaneal 


Calcaneal tubercle 


sulcus 


Sustentaculum tali \ 


Posterior talar 
articular surface 


Notch 


Medial Lateral 
Lateral 
Upper part of process 


posterior surface 


Middle part of posterior surface 
(insertion of calcaneal tendon) 


Fig. 6.93 Calcaneus. A. Superior view. B. Inferior view. C. Lateral view. 
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(lower part of posterior surface) 


brevis and longus muscles are bound to the trochlea as 
they pass over the lateral side of the calcaneus. 

Superior and posterior to the fibular trochlea is a second 
raised area or tubercle for attachment of the calcaneofibu- 
lar part of the lateral collateral ligament of the ankle 
joint. 

The medial surface of the calcaneus is concave and has 
one prominent feature associated with its upper margin 
(the sustentaculum tali; Fig. 6.93A), which is a shelf of 
bone projecting medially and supporting the more poste- 
rior part of the head of the talus. 

The underside of the sustentaculum tali has a distinct 
groove running from posterior to anterior and along which 
the tendon of the flexor hallucis longus muscle travels into 
the sole of the foot. 

The superior surface of the sustentaculum tali has a 
facet (middle talar articular surface) for articulation 
with the corresponding middle facet on the head of the 
talus. 

Anterior and posterior talar articular surfaces are 
on the superior surface of the calcaneus itself (Fig. 
6.93A): 


= the anterior talar articular surface is small and articu- 
lates with the corresponding anterior facet on the head 
of the talus; 

= the posterior talar articular surface is large and is 
approximately near the middle of the superior surface 
of the calcaneus. 
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Lower limb 


Between the posterior talar articular surface, which 
articulates with the body of the talus and the other two 
articular surfaces, which articulate with the head of the 
talus is a deep groove (the calcaneal sulcus; Fig. 6.93A, 
C). 

The calcaneal sulcus on the superior surface of the cal- 
caneus and the sulcus tali on the inferior surface of the 
talus together form the tarsal sinus, which is a large gap 
between the anterior ends of the calcaneus and talus that 
is visible when the skeleton of the foot is viewed from its 
lateral aspect (Fig. 6.94). 


Intermediate tarsal bone 


The intermediate tarsal bone on the medial side of the foot 
is the navicular (boat shaped) (Fig. 6.91). This bone artic- 
ulates behind with the talus and articulates in front and on 
the lateral side with the distal group of tarsal bones. 

One distinctive feature of the navicular is a prominent 
rounded tuberosity for the attachment of the tibialis poste- 
rior tendon, which projects inferiorly on the medial side of 
the plantar surface of the bone. 


Distal group 


From lateral to medial, the distal group of tarsal bones 
consists of (Fig. 6.91): 


= the cuboid (Greek for “cube”), which articulates poste- 
riorly with the calcaneus, medially with the lateral 
cuneiform, and anteriorly with the bases of the lateral 
two metatarsals—the tendon of the fibularis longus 
muscle lies in a prominent groove on the anterior 
plantar surface, which passes obliquely forward across 
the bone from lateral to medial: 

three cuneiforms (Latin for “wedge” )—the lateral, 
intermediate, and medial cuneiform bones, in addi- 
tion to articulating with each other, articulate posteri- 
orly with the navicular bone and anteriorly with the 
bases of the medial three metatarsals. 


Tarsal sinus 





Fig. 6.94 Tarsal sinus. Lateral view, right foot. 


Metatarsals 


There are five metatarsals in the foot, numbered I to V from 
medial to lateral (Fig. 6.95). Metatarsal I, associated with 
the great toe, is shortest and thickest. The second is the 
longest. 

Each metatarsal has a head at the distal end, an elon- 
gate shaft in the middle, and a proximal base. 

The head of each metatarsal articulates with the proxi- 
mal phalanx of a toe and the base articulates with one or 
more of the distal group of tarsal bones. The plantar surface 
of the head of metatarsal I also articulates with two sesa- 
moid bones. 

The sides of the bases of metatarsals II to V also articu- 
late with each other. The lateral side of the base of meta- 
tarsal V has a prominent tuberosity, which projects 
posteriorly and is the attachment site for the tendon of the 
fibularis brevis muscle. 


Phalanges 


The phalanges are the bones of the toes (Fig. 6.95). Each 
toe has three phalanges (proximal, middle, and distal), 
except for the great toe, which has only two (proximal and 
distal). 
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Fig. 6.95 Metatarsals and phalanges. Dorsal view. 


Each phalanx consists of a base, a shaft, and a distal 
head: 


= the base of each proximal phalanx articulates with the 
head of the related metatarsal; 

= the head of each distal phalanx is nonarticular and flat- 
tened into a crescent-shaped plantar tuberosity under 
the plantar pad at the end of the digit. 


In each toe, the total length of the phalanges combined 
is much shorter than the length of the associated 
metatarsal. 


Joints 
Ankle joint 


The ankle joint is synovial in type and involves the talus of 
the foot and the tibia and fibula of the leg (Fig. 6.96). 

The ankle joint mainly allows hinge-like dorsiflexion 
and plantarflexion of the foot on the leg. 

The distal end of the fibula is firmly anchored to the 
larger distal end of the tibia by strong ligaments. Together, 
the fibula and tibia create a deep bracket-shaped socket for 
the upper expanded part of the body of the talus: 


= theroof of the socket is formed by the inferior surface of 
the distal end of the tibia; 
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= the medial side of the socket is formed by the medial 
malleolus of the tibia; 

= the longer lateral side of the socket is formed by the 
lateral malleolus of the fibula. 

The articular surfaces are covered by hyaline 
cartilage. 

The articular part of the talus is shaped like a short half- 
cylinder tipped onto its flat side with one end facing lateral 
and the other end facing medial. The curved upper surface 
of the half-cylinder and the two ends are covered by hyaline 
cartilage and fit into the bracket-shaped socket formed by 
the distal ends of the tibia and fibula. 

When viewed from above, the articular surface of the 
talus is much wider anteriorly than it is posteriorly. As a 
result, the bone fits tighter into its socket when the foot is 
dorsiflexed and the wider surface of the talus moves into 
the ankle joint than when the foot is plantarflexed and the 
narrower part of the talus is in the joint. The joint is there- 
fore most stable when the foot is dorsiflexed. 

The articular cavity is enclosed by a synovial mem- 
brane, which attaches around the margins of the articular 
surfaces, and by a fibrous membrane, which covers the 
synovial membrane and is also attached to the adjacent 
bones. 

The ankle joint is stabilized by medial (deltoid) and 
lateral ligaments. 
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Fig. 6.96 Ankle joint. A. Anterior view with foot plantarflexed. B. Schematic of joint. C. Superior view of the talus to show the shape of the 


articular surface. 
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Lower limb 


In the clinic 


Fracture of the talus 

The talus is an unusual bone because it ossifies from a 
single primary ossification center, which initially appears 
in the neck. The posterior aspect of the talus appears to 
ossify last, normally after puberty. In up to 50% of people 
there is a small accessory ossicle (the os trigonum) 
posterior to the lateral tubercle of the posterior process. 
Articular cartilage covers approximately 60% of the talar 
surface and there are no direct tendon or muscle 
attachments to the bone. 

One of the problems with fractures of the talus is that 
the blood supply to the bone is vulnerable to damage. 
The main blood supply to the bone enters the talus 
through the tarsal canal from a branch of the posterior 
tibial artery. This vessel supplies most of the neck and the 
body of the talus. Branches of the dorsalis pedis artery 


enter the superior aspect of the talar neck and supply the 
dorsal portion of the head and neck, and branches from 
the fibular artery supply a small portion of the lateral talus. 

Fractures of the neck of the talus often interrupt the 
blood supply to the talus, so making the body and 
posterior aspect of the talus susceptible to osteonecrosis, 
which may in turn lead to premature osteoarthritis and 
require extensive surgery. 


Midfoot fractures 

Fractures of the midfoot are uncommon. They usually 
occur when heavy weights have been dropped onto the 
feet or when the feet have been run over by a vehicle. 
Plain radiographs are usually sufficient to demonstrate 
dislocations and fractures. 


Medial ligament (deltoid ligament) 


Medial ligament of the ankle joint 


The medial (deltoid) ligament is large, strong (Fig. 6.97), 
and triangular in shape. Its apex is attached above to the 
medial malleolus and its broad base is attached below to a 
line that extends from the tuberosity of the navicular bone 
in front to the medial tubercle of the talus behind. 

The medial ligament is subdivided into four parts based 
on the inferior points of attachment: 
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the part that attaches in front to the tuberosity of the 
navicular and the associated margin of the plantar cal- 
caneonavicular ligament (spring ligament), which con- 
nects the navicular bone to the sustentaculum tali of 
the calcaneus bone behind, is the tibionavicular part 
of the medial ligament; 

the tibiocalcaneal part, which is more central, 
attaches to the sustentaculum tali of the calcaneus 
bone; 

the posterior tibiotalar part attaches to the medial 
side and medial tubercle of the talus; 

the fourth part (the anterior tibiotalar part) is deep 
to the tibionavicular and tibiocalcaneal parts of the 
medial ligament and attaches to the medial surface of 
the talus. 
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Fig. 6.97 Medial ligament of the ankle joint. 
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Lateral ligament 


The lateral ligament of the ankle is composed of three sepa- 
rate ligaments, the anterior talofibular ligament, the pos- 
terior talofibular ligament, and the calcaneofibular 
ligament (Fig. 6.98): 


= theanterior talofibular ligament is a short ligament, 
and attaches the anterior margin of the lateral malleo- 
lus to the adjacent region of the talus; 

= the posterior talofibular ligament runs horizontally 
backward and medially from the malleolar fossa on the 
medial side of the lateral malleolus to the posterior 
process of the talus; 

= the calcaneofibular ligament is attached above to 
the malleolar fossa on the posteromedial side of the 
lateral malleolus and passes posteroinferiorly to attach 
below to a tubercle on the lateral surface of the 
calcaneus. 


Intertarsal joints 


The numerous synovial joints between the individual 
tarsal bones mainly invert, evert, supinate, and pronate 
the foot: 
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Fig. 6.98 Lateral ligament of the ankle joint. A. Lateral view. 
B. Posterior view. 





= inversion and eversion is turning the whole sole of the 
foot inward and outward, respectively; 

= pronation is rotating the front of the foot laterally rela- 
tive to the back of the foot, and supination is the reverse 
movement. 


Pronation and supination allow the foot to maintain 
normal contact with the ground when in different stances 
or when standing on irregular surfaces. 

The major joints at which movements occur include the 
subtalar, talocalcaneonavicular, and calcaneocuboid 
joints (Fig. 6.99). The talocalcaneonavicular and calca- 
neocuboid joints together form what is often referred to as 
the transverse tarsal joint. 

Intertarsal joints between the cuneiforms and between 
the cuneiforms and the navicular allow only limited 
movement. 

The joint between the cuboid and navicular is normally 
fibrous. 
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Fig. 6.99 Intertarsal joints. 
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Lower limb 


Subtalar joint 


The subtalar joint is between: 


the large posterior calcaneal facet on the inferior surface 
of the talus; and 

the corresponding posterior talar facet on the superior 
surface of the calcaneus. 


The articular cavity is enclosed by synovial membrane, 
which is covered by a fibrous membrane. 

The subtalar joint allows gliding and rotation, which 
are involved in inversion and eversion of the foot. Lateral, 
medial, posterior, and interosseous talocalcaneal 
ligaments stabilize the joint. The interosseous talocalca- 
neal ligament lies in the tarsal sinus (Fig. 6.100). 


In the clinic 


Ankle fractures 
An appreciation of ankle anatomy is essential to 
understand the wide variety of fractures that may occur 
at and around the ankle joint. 

The ankle joint and related structures can be 
regarded as a fibro-osseous ring oriented in the coronal 
plane. 


= The upper part of the ring is formed by the joint 
between the distal ends of the fibula and tibia and 
by the ankle joint itself. 

= The sides of the ring are formed by the ligaments 
that connect the medial malleolus and lateral 
malleolus to the adjacent tarsal bones. 

= The bottom of the ring is not part of the ankle 
joint, but consists of the subtalar joint and the 
associated ligaments. 


Visualizing the ankle joint and surrounding structures 
as a fibro-osseous ring allows the physician to predict 
the type of damage likely to result from a particular 
type of injury. For example, an inversion injury may 
fracture the medial malleolus and tear ligaments 
anchoring the lateral malleolus to the tarsal bones. 

The ring may be disrupted not only by damage to 
the bones (which produces fractures), but also by 
damage to the ligaments. Unlike bone fractures, 
damage to ligaments is unlikely to be appreciated on 
plain radiographs. When a fracture is noted on a plain 
radiograph, the physician must always be aware that 
there may also be appreciable ligamentous disruption. 


Talocalcaneonavicular joint 


The talocalcaneonavicular joint is a complex joint in 
which the head of the talus articulates with the calcaneus 
and plantar calcaneonavicular ligament (spring ligament) 
below and the navicular in front (Fig. 6.101A). 

The talocalcaneonavicular joint allows gliding and 
rotation movements, which together with similar move- 
ments of the subtalar joint are involved with inversion and 
eversion of the foot. It also participates in pronation and 
supination. 

The parts of the talocalcaneonavicular joint between 
the talus and calcaneus are: 


the anterior and middle calcaneal facets on the inferior 
surface of the talar head; and 

the corresponding anterior and middle talar facets on 
the superior surface and sustentaculum tali, respec- 
tively, of the calcaneus (Fig. 6.101B). 


The part of the joint between the talus and the plantar 
calcaneonavicular ligament (spring ligament) is between 
the ligament and the medial facet on the inferior surface of 
the talar head. 

The joint between the navicular and talus is the largest 
part of the talocalcaneonavicular joint and is between the 
ovoid anterior end of the talar head and the corresponding 
concave posterior surface of the navicular. 


Ligaments 


The capsule of the talocalcaneonavicular joint, which is a 
synovial joint, is reinforced: 
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Fig. 6.100 Interosseous talocalcaneal ligament. Lateral view. 
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Fig. 6.101 Talocalcaneonavicular joint. A. Medial view, right foot. B. Superior view, right foot, talus removed. C. Ligaments, medial view, right 
foot. D. Ligaments, lateral view, right foot. 
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Lower limb 


posteriorly by the interosseous talocalcaneal ligament; 
superiorly by the talonavicular ligament, which 
passes between the neck of the talus and adjacent 
regions of the navicular; and 

= inferiorly by the plantar calcaneonavicular ligament 
(spring ligament) (Fig. 6.101C and Fig. 6.101D). 


The lateral part of the talocalcaneonavicular joint is 
reinforced by the calcaneonavicular part of the bifurcate 
ligament, which is a Y-shaped ligament superior to the 
joint. The base of the bifurcate ligament is attached to the 
anterior aspect of the superior surface of the calcaneus and 
its arms are attached to: 


the dorsomedial surface of the cuboid (calcaneocu- 
boid ligament); and 

= the dorsolateral part of the navicular (calcaneona- 
vicular ligament). 


The plantar calcaneonavicular ligament (spring 
ligament) is a broad thick ligament that spans the space 
between the sustentaculum tali behind and the navicular 
bone in front (Fig. 6.101C). It supports the head of the 
talus, takes part in the talocalcaneonavicular joint, and 
resists depression of the medial arch of the foot. 


Calcaneocuboid joint 


The calcaneocuboid joint is a synovial joint between: 


the facet on the anterior surface of the calcaneus; 
and 

the corresponding facet on the posterior surface of the 
cuboid. 


The calcaneocuboid joint allows sliding and rotating 
movements involved with inversion and eversion of the 
foot, and also contributes to pronation and supination of 
the forefoot on the hindfoot. 


Ligaments 


The calcaneocuboid joint is reinforced by the bifurcate 
ligament (see above) and by the long plantar ligament 
and the plantar calcaneocuboid ligament (short plantar 
ligament). 

The plantar calcaneocuboid ligament (short plantar 
ligament) is short, wide, and very strong, and connects the 
calcaneal tubercle to the inferior surface of the cuboid (Fig. 
6.102A). It not only supports the calcaneocuboid joint, but 
also assists the long plantar ligament in resisting depres- 
sion of the lateral arch of the foot. 


The long plantar ligament is the longest ligament in 
the sole of the foot and lies inferior to the plantar calcaneo- 
cuboid ligament (Fig. 6.102B): 


= posteriorly, it attaches to the inferior surface of the cal- 
caneus between the tuberosity and the calcaneal 
tubercle; 
anteriorly, it attaches to a broad ridge and a tubercle on 
the inferior surface of the cuboid bone behind the groove 
for the fibularis longus tendon. 


More superficial fibers of the long plantar ligament 
extend to the bases of the metatarsal bones. 

The long plantar ligament supports the calcaneocuboid 
joint and is the strongest ligament, resisting depression of 
the lateral arch of the foot. 


Tarsometatarsal joints 


The tarsometatarsal joints between the metatarsal 
bones and adjacent tarsal bones are plane joints and allow 
limited sliding movements (Fig. 6.103). 
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Fig. 6.102 Plantar ligaments. A. Plantar calcaneocuboid ligament 
(short plantar ligament). B. Long plantar ligament. 


The range of movement of the tarsometatarsal joint 
between the metatarsal of the great toe and the medial 
cuneiform is greater than that of the other tarsometa- 
tarsal joints and allows flexion, extension, and rotation. 
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Fig. 6.103 Tarsometatarsal, metatarsophalangeal, and 
interphalangeal joints, and the deep transverse metatarsal 
ligaments. 


In the clinic 


Bunions 

A bunion occurs on the medial aspect of the first 
metatarsophalangeal joint. This is an extremely important 
area of the foot because it is crossed by tendons and 
ligaments, which transmit and distribute the body’s 
weight during movement. It is postulated that abnormal 
stresses in this region of the joint may produce the bunion 
deformity. 

Clinically, a bunion is a significant protuberance of 
bone that may include soft tissue around the medial 
aspect of the first metatarsophalangeal joint. As it 
progresses, the toe appears to move toward the smaller 
toes, producing crowding of the digits. 


The tarsometatarsal joints, with the transverse tarsal 
joint, take part in pronation and supination of the 
foot. 


Metatarsophalangeal joints 


The metatarsophalangeal joints are ellipsoid synovial 
joints between the sphere-shaped heads of the metatarsals 
and the corresponding bases of the proximal phalanges of 
the digits. 

The metatarsophalangeal joints allow extension and 
flexion, and limited abduction, adduction, rotation, and 
circumduction. 

The joint capsules are reinforced by medial and lateral 
collateral ligaments, and by plantar ligaments, which 
have grooves on their plantar surfaces for the long tendons 
of the digits (Fig. 6.103). 


Deep transverse metatarsal ligaments 


Four deep transverse metatarsal ligaments link the 
heads of the metatarsals together and enable the metatar- 
sals to act as a single unified structure (Fig. 6.103). The 
ligaments blend with the plantar ligaments of the adjacent 
metatarsophalangeal joints. 

The metatarsal of the great toe is oriented in the same 
plane as the metatarsals of the other toes and is linked to 
the metatarsal of the second toe by a deep transverse meta- 
tarsal ligament. In addition, the joint between the metatar- 
sal of the great toe and medial cuneiform has a limited 
range of motion. The great toe therefore has a very 
restricted independent function—unlike the thumb in the 
hand, where the metacarpal is oriented 90° to the meta- 
carpals of the fingers, there is no deep transverse metacar- 
pal ligament between the metacarpals of the thumb and 


This deformity tends to occur among people who wear 
high-heeled or pointed shoes, but osteoporosis and a 
hereditary predisposition are also risk factors. 

Typically the patient’s symptoms are pain, swelling, 
and inflammation. The bunion tends to enlarge and may 
cause problems in obtaining appropriate footwear. 

Initial treatment is by adding padding to shoes, 
changing the type of footwear used, and taking anti- 
inflammatory drugs. Some patients may need surgery to 
correct the deformity and realign the toe. 
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Lower limb 


index finger, and the joint between the metacarpal and 
carpal bone allows a wide range of motion. 


Interphalangeal joints 


The interphalangeal joints are hinge joints that allow 
mainly flexion and extension. They are reinforced by 
medial and lateral collateral ligaments and by plantar 
ligaments (Fig. 6.103). 


Tarsal tunnel, retinacula, and 
arrangement of major structures 
at the ankle 


The tarsal tunnel is formed on the posteromedial side of the 
ankle by: 


a depression formed by the medial malleolus of the tibia, 
the medial and posterior surfaces of the talus, the medial 
surface of the calcaneus, and the inferior surface of the 
sustentaculum tali of the calcaneus; and 

an overlying flexor retinaculum (Fig. 6.104). 


Flexor retinaculum 


The flexor retinaculum is a strap-like layer of connective 
tissue that spans the bony depression formed by the medial 
malleolus, the medial and posterior surfaces of the talus, 
the medial surface of calcaneus, and the inferior surface of 





the sustentaculum tali (Fig. 6.104). It attaches above to 
the medial malleolus and below and behind to the infero- 
medial margin of the calcaneus. 

The retinaculum is continuous above with the deep 
fascia of the leg and below with deep fascia (plantar apo- 
neurosis) of the foot. 

Septa from the flexor retinaculum convert grooves on 
the bones into tubular connective tissue channels for the 
tendons of the flexor muscles as they pass into the sole of 
the foot from the posterior compartment of leg (Fig. 6.104). 
Free movement of the tendons in the channels is facilitated 
by synovial sheaths, which surround the tendons. 

Two compartments on the posterior surface of the 
medial malleolus are for the tendons of the tibialis posterior 
and flexor digitorum longus muscles. The tendon of the 
tibialis posterior is medial to the tendon of the flexor digi- 
torum longus. 

Immediately lateral to the tendons of tibialis posterior 
and flexor digitorum longus, the posterior tibial artery with 
its associated veins and the tibial nerve pass through the 
tarsal tunnel into the sole of the foot. The pulse of the pos- 
terior tibial artery can be felt through the flexor retinacu- 
lum midway between the medial malleolus and the 
calcaneus. 

Lateral to the tibial nerve is the compartment on the 
posterior surface of the talus and the undersurface of the 
sustentaculum tali for the tendon of the flexor hallucis 
longus muscle. 





A B 
Tendon of flexor 
Tibia digitorum longus 
Posterior Tendon of 
tibial artery tibialis posterior 
Tibial nerve 








Tarsal tunnel 


Flexor retinaculum 
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Fig. 6.104 Tarsal tunnel and flexor retinaculum. Posteromedial view. A. Bones. B. Tarsal tunnel and flexor retinaculum. 


Extensor retinacula 


Two extensor retinacula strap the tendons of the extensor 
muscles to the ankle region and prevent tendon bowing 
during extension of the foot and toes (Fig. 6.105): 


= a superior extensor retinaculum is a thickening of 
deep fascia in the distal leg just superior to the ankle 
joint and attached to the anterior borders of the fibula 
and tibia; 

= an inferior retinaculum is Y-shaped, attached by its 
base to the lateral side of the upper surface of the calca- 
neus, and crosses medially over the foot to attach by 
one of its arms to the medial malleolus, whereas the 
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retinaculum 
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Fig. 6.105 Extensor retinacula. 


other arm wraps medially around the foot and attaches 
to the medial side of the plantar aponeurosis. 


The tendons of the extensor digitorum longus and fibu- 
laris tertius pass through a compartment on the lateral side 
of the proximal foot. Medial to these tendons, the dorsalis 
pedis artery (terminal branch of the anterior tibial artery), 
the tendon of the extensor hallucis longus muscle, and 
finally the tendon of the tibialis anterior muscle pass under 
the extensor retinacula. 


Fibular retinacula 


Fibular (peroneal) retinacula bind the tendons of the fibu- 
laris longus and fibularis brevis muscles to the lateral side 
of the foot (Fig. 6.106): 


= a superior fibular retinaculum extends between the 
lateral malleolus and the calcaneus; 

= an inferior fibular retinaculum attaches to the 
lateral surface of the calcaneus around the fibular 
trochlea and blends above with the fibers of the inferior 
extensor retinaculum. 


At the fibular trochlea, a septum separates the compart- 
ment for the tendon of the fibularis brevis muscle above 
from that for the fibularis longus below. 


Tendons of fibularis longus and 
brevis muscles 





Inferior fibular retinaculum 
(at fibular trochlea on calcaneus) 


Superior fibular retinaculum 


Fig. 6.106 Fibular retinacula. Lateral view, right foot. 
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Arches of the foot 


The bones of the foot do not lie in a horizontal plane. 
Instead, they form longitudinal and transverse arches rela- 
tive to the ground (Fig. 6.107), which absorb and distrib- 
ute downward forces from the body during standing and 
moving on different surfaces. 


Longitudinal arch 


The longitudinal arch of the foot is formed between the 
posterior end of the calcaneus and the heads of the meta- 
tarsals (Fig. 6.107A). It is highest on the medial side where 
it forms the medial part of the longitudinal arch and lowest 
on the lateral side where it forms the lateral part. 


Transverse arch 


The transverse arch of the foot is highest in a coronal plane 
that cuts through the head of the talus and disappears near 
the heads of the metatarsals where these bones are held 
together by the deep transverse metatarsal ligaments (Fig. 
6.107B). 


Ligament and muscle support 


Ligaments and muscles support the arches of the foot (Fig. 
6.108): 


= ligaments that support the arches include the plantar 
calcaneonavicular (spring ligament), plantar calcaneo- 
cuboid (short plantar ligament), and long plantar liga- 
ments, and the plantar aponeurosis; Fig. 6.107 Arches of the foot. A. Longitudinal arches, right foot. 
= muscles that provide dynamic support for the arches B. Transverse arch, left foot. 
during walking include the tibialis anterior and poste- 
rior, and the fibularis longus. 
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Fig. 6.108 Support for arches of the foot. A. Ligaments. Medial view, right foot. B. Cross-section through the foot to show tendons of 
614 muscles supporting the arches. 


Plantar aponeurosis 


The plantar aponeurosis is a thickening of deep fascia in 
the sole of the foot (Fig. 6.109). It is firmly anchored to the 
medial process of the calcaneal tuberosity and extends 
forward as a thick band of longitudinally arranged connec- 
tive tissue fibers. The fibers diverge as they pass anteriorly 
and form digital bands, which enter the toes and connect 
with bones, ligaments, and dermis of the skin. 

Distal to the metatarsophalangeal joints, the digital 
bands of the plantar aponeurosis are interconnected by 
transverse fibers, which form superficial transverse meta- 
tarsal ligaments. 

The plantar aponeurosis supports the longitudinal arch 
of the foot and protects deeper structures in the sole. 


Fibrous sheaths of toes 


The tendons of the flexor digitorum longus, flexor digito- 
rum brevis, and flexor hallucis longus muscles enter fibrous 


Superficial transverse 
metatarsal ligaments 


Anterior arm of inferior 
extensor retinaculum 


Plantar aponeurosis 


Medial process of 
calcaneal tuberosity 





Fig. 6.109 Plantar aponeurosis. 





digital sheaths or tunnels on the plantar aspect of the digits 
(Fig. 6.110). These fibrous sheaths begin anterior to the 
metacarpophalangeal joints and extend to the distal pha- 
langes. They are formed by fibrous arches and cruciate 
(cross-shaped) ligaments attached posteriorly to the 
margins of the phalanges and to the plantar ligaments 
associated with the metatarsophalangeal and interphalan- 
geal joints. 

These fibrous tunnels hold the tendons to the bony 
plane and prevent tendon bowing when the toes are flexed. 
Within each tunnel, the tendons are surrounded by a syno- 
vial sheath. 
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Fig. 6.110 Fibrous digital sheaths. 615 
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Extensor hoods 


The tendons of the extensor digitorum longus, extensor 
digitorum brevis, and extensor hallucis longus pass into 
the dorsal aspect of the digits and expand over the proximal 
phalanges to form complex dorsal digital expansions 
(“extensor hoods”) (Fig. 6.111). 

Each extensor hood is triangular in shape with the apex 
attached to the distal phalanx, the central region attached 
to the middle (toes II to V) or proximal (toe I) phalanx, and 
each corner of the base wrapped around the sides of the 
metatarsophalangeal joint. The corners of the hoods attach 
mainly to the deep transverse metatarsal ligaments. 

Many of the intrinsic muscles of the foot insert into the 
free margin of the hood on each side. The attachment of 
these muscles into the extensor hoods allows the forces 
from these muscles to be distributed over the toes to cause 
flexion of the metatarsophalangeal joints while at the same 
time extending the interphalangeal joints (Fig. 6.111).The 
function of these movements in the foot is uncertain, but 
they may prevent overextension of the metatarsophalan- 
geal joints and flexion of the interphalangeal joints when 
the heel is elevated off the ground and the toes grip the 
ground during walking. 


Intrinsic muscles 


Intrinsic muscles of the foot originate and insert in the 
foot: 


there is one intrinsic muscle—the extensor digitorum 
brevis—on the dorsal aspect of the foot; 

all other intrinsic muscles—the dorsal and plantar 
interossei, flexor digiti minimi brevis, flexor hallucis 
brevis, flexor digitorum brevis, quadratus plantae (flexor 
accessorius), abductor digiti minimi, abductor hallucis, 
and lumbricals—are on the plantar side of the foot in 
the sole where they are organized into four layers. 


Intrinsic muscles mainly modify the actions of the long 
tendons and generate fine movements of the toes. 

All intrinsic muscles of the foot are innervated by the 
medial and lateral plantar branches of the tibial nerve 
except for the extensor digitorum brevis, which is inner- 
vated by the deep fibular nerve. The first two dorsal interos- 
sei also may receive part of their innervation from the deep 
fibular nerve. 


1st dorsal interosseous muscle 
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Flexion of m/p joint 
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Fig. 6.111 Extensor hoods. 


Extensor tendons 


Extensor hood 






Deep transverse metatarsal ligament 


Extension of p/p joints prevents overflexion 


On the dorsal aspect 


Extensor digitorum brevis (and extensor 
hallucis brevis) 


The extensor digitorum brevis is attached to a rough- 
ened area on the superolateral surface of the calcaneus 
lateral to the tarsal sinus (Fig. 6.112 and Table 6.10). 

The flat muscle belly passes anteromedially over the 
foot, deep to the tendons of the extensor digitorum longus, 
and forms four tendons, which enter the medial four digits. 
The part of the muscle associated with the great toe often 
is considered a separate muscle—the extensor hallucis 
brevis. The tendon entering the great toe attaches to the 
base of the proximal phalanx, whereas the tendons to the 
other three toes join the lateral sides of the tendons of the 
extensor digitorum longus. 

The extensor digitorum brevis extends the metatarso- 
phalangeal joint of the great toe, and the three middle toes 
through attachments to the long extensor tendons and 
extensor hoods. It is innervated by the deep fibular nerve. 


In the sole 


The muscles in the sole of the foot are organized into four 
layers. From superficial to deep, or plantar to dorsal, these 
layers are the first, second, third, and fourth layers. 


First layer 


There are three components in the first layer of muscles, 
which is the most superficial of the four layers and is imme- 
diately deep to the plantar aponeurosis (Fig. 6.113 and 
Table 6.11). From medial to lateral, these muscles are the 
abductor hallucis, flexor digitorum brevis, and abductor 
digiti minimi. 


Table 6.10 Muscle of the dorsal aspect of the foot 
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Fig. 6.112 Extensor digitorum brevis muscle. 


Muscle Origin Insertion Innervation Function 

Extensor digitorum Superolateral surface Base of proximal phalanx of great toe Deep fibular Extension of metatarsophalangeal 

brevis of the calcaneus and lateral sides of the tendons of nerve [S1, joint of great toe and extension 
extensor digitorum longus of toes Il to IV S2] of toes Il to IV 
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Table 6.11 

Muscle Origin Insertion 
Abductor Medial process of calcaneal tuberosity 

hallucis 


toe 


Flexor digitorum Medial process of calcaneal tuberosity 


brevis and plantar aponeurosis 
Abductor digiti Lateral and medial processes of 
minimi calcaneal tuberosity, and band of 


connective tissue connecting toe 
calcaneus with base of metatarsal V 


Abductor hallucis 


The abductor hallucis muscle forms the medial margin 
of the foot and contributes to a soft tissue bulge on the 
medial side of the sole (Fig. 6.113). It originates from the 
medial process of the calcaneal tuberosity and adjacent 
margins of the flexor retinaculum and plantar aponeuro- 
sis. It forms a tendon that inserts on the medial side of the 
base of the proximal phalanx of the great toe and on the 
medial sesamoid bone associated with the tendon of 
the flexor hallucis brevis muscle. 

The abductor hallucis abducts and flexes the great toe 
at the metatarsophalangeal joint and is innervated by the 
medial plantar branch of the tibial nerve. 


Flexor digitorum brevis 


The flexor digitorum brevis muscle lies immediately 
superior to the plantar aponeurosis and inferior to the 
tendons of the flexor digitorum longus in the sole of the foot 
(Fig. 6.113). The flat spindle-shaped muscle belly origi- 
nates as a tendon from the medial process of the calcaneal 
tuberosity and from the adjacent plantar aponeurosis. 

The muscle fibers of the flexor digitorum brevis con- 
verge anteriorly to form four tendons, which each enter 
one of the lateral four toes. Near the base of the proximal 
phalanx of the toe, each tendon splits to pass dorsally 
around each side of the tendon of the flexor digitorum 
longus and attach to the margins of the middle phalanx. 

The flexor digitorum brevis flexes the lateral four toes at 
the proximal interphalangeal joints and is innervated by 
the medial plantar branch of the tibial nerve. 


Abductor digiti minimi 
The abductor digiti minimi muscle is on the lateral side 
of the foot and contributes to the large lateral plantar emi- 


Medial side of base of 
proximal phalanx of great 


Sides of plantar surface of 
middle phalanges of 
lateral four toes 


Lateral side of base of 
proximal phalanx of little 


First layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the muscle) 


Innervation Function 
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at metatarsophalangeal joint 


Medial plantar nerve 
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Fig. 6.113 First layer of muscles in the sole of the foot. 


nence on the sole (Fig. 6.113). It has a broad base of origin, 
mainly from the lateral and medial processes of the calca- 
neal tuberosity and from a fibrous band of connective 
tissue, which connects the calcaneus with the base of 
metatarsal V. 

The abductor digiti minimi forms a tendon, which 
travels in a shallow groove on the plantar surface of the 
base of metatarsal V and continues forward to attach to the 
lateral side of the base of the proximal phalanx of the little 
toe. 

The abductor digiti minimi abducts the little toe at the 
metatarsophalangeal joint and is innervated by the lateral 
plantar branch of the tibial nerve. 


Second layer 


The second muscle layer in the sole of the foot is associated 
with the tendons of the flexor digitorum longus muscle, 
which pass through this layer, and consists of the quadra- 
tus plantae and four lumbrical muscles (Fig. 6.114 and 
Table 6.12). 


Quadratus plantae 


The quadratus plantae muscle is a flat quadrangular 
muscle with two heads of origin (Fig. 6.114): 


= one of the heads originates from the medial surface of 
the calcaneus inferior to the sustentaculum tali; 

= the other head originates from the inferior surface of the 
calcaneus anterior to the lateral process of the calca- 
neal tuberosity and the attachment of the long plantar 
ligament. 


The quadratus plantae muscle inserts into the lateral 
side of the tendon of the flexor digitorum longus in the 
proximal half of the sole of the foot near where the tendon 
divides. 


Table 6.12 Second layer of muscles in the sole of the foot 
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Fig. 6.114 Second layer of muscles in the sole of the foot. 


Innervation Function 


Muscle Origin Insertion 

Quadratus Medial surface of calcaneus and lateral Lateral side of tendon 

plantae process of calcaneal tuberosity of flexor digitorum 
longus in proximal 
sole of the foot 

Lumbricals First lumbrical—medial side of tendon of Medial free margins of 


flexor digitorum longus associated with 
toe Il; second, third, and fourth 
lumbricals—adjacent surfaces of adjacent 
tendons of flexor digitorum longus 


extensor hoods of toes 
Il to V 


Lateral plantar nerve from 
tibial nerve [S1, $2, $3] 


First lumbrical—medial 
plantar nerve from the tibial 
nerve; second, third, and 
fourth lumbricals—lateral 
plantar nerve from the tibial 
nerve [S2, $3] 


Assists flexor digitorum 
longus tendon in flexing 
toes Il to V 


Flexion of 
metatarsophalangeal joint 
and extension of 
interphalangeal joints 
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The quadratus plantae assists the flexor digitorum 
longus tendon in flexing the toes and may also adjust the 
“line of pull” of this tendon as it enters the sole of the foot 
from the medial side. The muscle is innervated by the 
lateral plantar nerve. 


Lumbricals 


The lumbrical muscles are four worm-like muscles that 
originate from the tendons of the flexor digitorum 
longus and pass dorsally to insert into the free medial 
margins of the extensor hoods of the four lateral toes 
(Fig. 6.114). 

The first lumbrical originates from the medial side of the 
tendon of the flexor digitorum longus that is associated 
with the second toe. The remaining three muscles are 
bipennate and originate from the sides of adjacent 
tendons. 

The lumbrical muscles act through the extensor hoods 
to resist excessive extension of the metatarsophalangeal 
joints and flexion of the interphalangeal joints when the 
heel leaves the ground during walking. 

The first lumbrical is innervated by the medial plantar 
nerve, while the other three are innervated by the lateral 
plantar nerve. 


Third layer 


There are three muscles in the third layer in the sole of the 
foot (Fig. 6.115 and Table 6.13): 


= two (the flexor hallucis brevis and adductor hallucis) 
are associated with the great toe; 

= the third (the flexor digiti minimi brevis) is associated 
with the little toe. 


Flexor hallucis brevis 


The flexor hallucis brevis muscle has two tendinous 
heads of origin (Fig. 6.115): 
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Fig. 6.115 Third layer of muscles in the sole of the foot. 


Table 6.133 Third layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 
Flexor Plantar surface of cuboid and lateral 
hallucis cuneiform; tendon of tibialis posterior 
brevis 
Adductor Transverse head—ligaments associated 
hallucis with metatarsophalangeal joints of 
lateral three toes; oblique head—bases great toe 
of metatarsals II to IV and from sheath 
covering fibularis longus 
Flexor digiti Base of metatarsal V and related sheath 


minimi brevis of fibularis longus tendon 


little toe 


Lateral and medial sides 
of base of proximal 
phalanx of the great toe $2] 


Lateral side of base of 
proximal phalanx of 


Lateral side of base of 
proximal phalanx of 


Innervation Function 


Medial plantar nerve 
from tibial nerve [S1, 


Flexes metatarsophalangeal 
joint of the great toe 


Lateral plantar nerve 
from tibial nerve [S2, 
S3] 


Adducts great toe at 
metatarsophalangeal joint 


Flexes little toe at 
metatarsophalangeal joint 


Lateral plantar nerve 
from tibial nerve [S2, 
s3] 


= the lateral head originates from the plantar surfaces 
of the cuboid, behind the groove for the fibularis longus, 
and adjacent surface of the lateral cuneiform; 

= the medial head originates from the tendon of the tibi- 
alis posterior muscle as it passes into the sole of the 
foot. 


The medial and lateral heads unite and give rise to a 
muscle belly, which itself is separated into medial and 
lateral parts adjacent to the plantar surface of metatarsal 
I. Each part of the muscle gives rise to a tendon that inserts 
on either the lateral or medial side of the base of the proxi- 
mal phalanx of the great toe. 

A sesamoid bone occurs in each tendon of the flexor 
hallucis brevis as it crosses the plantar surface of the head 
of metatarsal I. The tendon of the flexor hallucis longus 
passes between the sesamoid bones. 

The flexor hallucis brevis flexes the metatarsophalan- 
geal joint of the great toe and is innervated by the medial 
plantar nerve. 


Adductor hallucis 


The adductor hallucis muscle originates by two muscu- 
lar heads, transverse and oblique, which join near their 
ends to insert into the lateral side of the base of the proxi- 
mal phalanx of the great toe (Fig. 6.115): 


= the transverse head originates from the plantar liga- 
ments associated with the metatarsophalangeal joints 
of the lateral three toes and from the associated deep 
transverse metatarsal ligaments—the muscle crosses 
the sole of the foot transversely from lateral to medial 
and joins the oblique head near the base of the great 
toe; 

= the oblique head is larger than the transverse head 
and originates from the plantar surfaces of the bases of 
metatarsals II to IV and from the sheath covering the 
fibularis longus muscle—this head passes anterolater- 
ally through the sole of the foot and joins the transverse 
head. 


The tendon of insertion of the adductor hallucis attaches 
to the lateral sesamoid bone associated with the tendon of 
the flexor hallucis brevis muscle in addition to attaching to 
the proximal phalanx. 

The adductor hallucis adducts the great toe at the meta- 
tarsophalangeal joint and is innervated by the lateral 
plantar nerve. 


Flexor digiti minimi brevis 


The flexor digiti minimi brevis muscle originates from 
the plantar surface of the base of metatarsal V and adjacent 


sheath of the fibularis longus tendon (Fig. 6.115). It inserts 
on the lateral side of the base of the proximal phalanx of 
the little toe. 

The flexor digiti minimi brevis flexes the little toe at the 
metatarsophalangeal joint and is innervated by the lateral 
plantar nerve. 


Fourth layer 


There are two muscle groups in the deepest muscle layer 
in the sole of the foot, the dorsal and plantar interossei (Fig. 
6.116 and Table 6.14). 


Abduct (dorsal interossei) 


Adduct (plantar interossei) 
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Fig. 6.116 Fourth layer of muscles in the sole of the foot. 
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Table 6.14 Fourth layer of muscles in the sole of the foot 


Muscle Origin Insertion Innervation 
Dorsal Sides of Extensor hoods and bases 
interossei adjacent of proximal phalanges of 
metatarsals toes Il to IV 
Plantar Medial sides of | Extensor hoods and bases 
interossei metatarsals of of proximal phalanges of nerve [S2, $3] 


toes Ill to V toes Ill to V 


Dorsal interossei 


The four dorsal interossei are the most superior muscles 
in the sole of the foot and abduct the second to fourth toes 
relative to the long axis through the second toe (Fig. 6.116). 
All four muscles are bipennate and originate from the sides 
of adjacent metatarsals. 

The tendons of the dorsal interossei insert into the free 
margin of the extensor hoods and base of the proximal 
phalanges of the toes. 

The second toe can be abducted to either side of its long 
axis, so it has two dorsal interossei associated with it, one 
on each side. The third and fourth toes have a dorsal inter- 
osseous muscle on their lateral sides only. The great and 
little toes have their own abductors (the abductor hallucis 
and abductor digiti minimi) in the first layer of muscles in 
the sole of the foot. 

In addition to abduction, the dorsal interossei act 
through the extensor hoods to resist extension of the meta- 
tarsophalangeal joints and flexion of the interphalangeal 
joints. 

The dorsal interossei are innervated by the lateral 
plantar nerve. The first and second dorsal interossei also 
receive branches on their superior surfaces from the deep 
fibular nerve. 


Plantar interossei 


The three plantar interossei adduct the third, fourth, and 
little toes toward the long axis through the second toe (Fig. 
6.116). 

Each plantar interosseous muscle originates from the 
medial side of its associated metatarsal and inserts into 
the medial free margin of the extensor hood and base of 
the proximal phalanx. 

The great toe has its own adductor (the adductor hal- 
lucis) in the third layer of muscles in the sole of the foot and 
the second toe is adducted back to its longitudinal axis by 
using one of its dorsal interossei. 


Lateral plantar nerve from tibial 
nerve; first and second dorsal 
interossei also innervated by 
deep fibular nerve [S2, $3] 


Lateral plantar nerve from tibial 


Function 


Abduction of toes II to IV at 
metatarsophalangeal joints; resist extension of 
metatarsophalangeal joints and flexion of 
interphalangeal joints 


Adduction of toes Ill to V at 
metatarsophalangeal joints; resist extension of 
the metatarsophalangeal joints and flexion of 
the interphalangeal joints 


In addition to adduction, the plantar interossei act 
through the extensor hoods to resist extension of the meta- 
tarsophalangeal joints and flexion of the interphalangeal 
joints. All are innervated by the lateral plantar nerve. 


Arteries 


Blood supply to the foot is by branches of the posterior tibial 
and dorsalis pedis (dorsal artery of the foot) arteries. 

The posterior tibial artery enters the sole and bifurcates 
into lateral and medial plantar arteries. The lateral plantar 
artery joins with the terminal end of the dorsalis pedis 
artery (the deep plantar artery) to form the deep plantar 
arch. Branches from this arch supply the toes. 

The dorsalis pedis artery is the continuation of the ante- 
rior tibial artery, passes onto the dorsal aspect of the foot 
and then inferiorly, as the deep plantar artery, between 
metatarsals I and II to enter the sole of the foot. 


Posterior tibial artery and 
plantar arch 


The posterior tibial artery enters the foot through the tarsal 
tunnel on the medial side of the ankle and posterior to the 
medial malleolus. Midway between the medial malleolus 
and the heel, the pulse of the posterior tibial artery is pal- 
pable because here the artery is covered only by a thin 
layer of retinaculum, by superficial connective tissue, and 
by skin. Near this location, the posterior tibial artery bifur- 
cates into a small medial plantar artery and a much larger 
lateral plantar artery. 


Lateral plantar artery 


The lateral plantar artery passes anterolaterally into the 
sole of the foot, first deep to the proximal end of the abduc- 
tor hallucis muscle and then between the quadratus 


plantae and flexor digitorum brevis muscles (Fig. 6.117). 
It reaches the base of metatarsal V where it lies in the 
groove between the flexor digitorum brevis and abductor 
digiti minimi muscles. From here, the lateral plantar artery 
curves medially to form the deep plantar arch, which 
crosses the deep plane of the sole on the metatarsal bases 
and the interossei muscles. 

Between the bases of metatarsals I and II, the deep 
plantar arch joins with the terminal branch (deep plantar 
artery) of the dorsalis pedis artery, which enters the sole 
from the dorsal side of the foot. 


Deep plantar artery: terminal branch 
of dorsalis pedis artery 
Digital branches 
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Fig. 6.117 Arteries in the sole of the foot. 


Major branches of the deep plantar arch include: 


= a digital branch to the lateral side of the little toe; 

= four plantar metatarsal arteries, which supply digital 
branches to adjacent sides of toes I to V and the medial 
side of the great toe; and 

= three perforating arteries, which pass between the bases 
of metatarsals II to V to anastomose with vessels on the 
dorsal aspect of the foot. 


Medial plantar artery 


The medial plantar artery passes into the sole of the foot 
by passing deep to the proximal end of the abductor hallu- 
cis muscle (Fig. 6.117). It supplies a deep branch to adja- 
cent muscles and then passes forward in the groove 
between the abductor hallucis and the flexor digitorum 
brevis muscles. It ends by joining the digital branch of the 
deep plantar arch, which supplies the medial side of the 
great toe. 

Near the base of metatarsal I, the medial plantar artery 
gives rise to a superficial branch, which divides into three 
vessels that pass superficial to the flexor digitorum brevis 
muscle to join the plantar metatarsal arteries from the deep 
plantar arch. 


Dorsalis pedis artery 


The dorsalis pedis artery is the continuation of the ante- 
rior tibial artery and begins as the anterior tibial artery 
crosses the ankle joint (Fig. 6.118). It passes anteriorly 
over the dorsal aspect of the talus, navicular, and interme- 
diate cuneiform bones, and then passes inferiorly, as the 
deep plantar artery, between the two heads of the first 
dorsal interosseous muscle to join the deep plantar arch in 
the sole of the foot. The pulse of the dorsalis pedis artery on 
the dorsal surface of the foot can be felt by gently palpating 
the vessel against the underlying tarsal bones between the 
tendons of the extensor hallucis longus and the extensor 
digitorum longus to the second toe. 

Branches of the dorsalis pedis artery include lateral and 
medial tarsal branches, an arcuate artery, and a first dorsal 
metatarsal artery: 


= the tarsal arteries pass medially and laterally over the 
tarsal bones, supplying adjacent structures and anasto- 
mosing with a network of vessels formed around the 
ankle; 

= the arcuate artery passes laterally over the dorsal 
aspect of the metatarsals near their bases and gives rise 
to three dorsal metatarsal arteries, which supply 
dorsal digital arteries to adjacent sides of digits II to 
V, and to a dorsal digital artery that supplies the lateral 
side of digit V; 
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= the first dorsal metatarsal artery (the last branch of 
the dorsalis pedis artery before the dorsalis pedis artery 
continues as the deep plantar artery into the sole of the 
foot) supplies dorsal digital branches to adjacent sides 
of the great and second toes. 


The dorsal metatarsal arteries connect with perforating 
branches from the deep plantar arch and similar branches 
from the plantar metatarsal arteries. 


Veins 


There are interconnected networks of deep and superficial 
veins in the foot. The deep veins follow the arteries. Super- 
ficial veins drain into a dorsal venous arch on the dorsal 
surface of the foot over the metatarsals (Fig. 6.119): 
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624 Fig. 6.118 Dorsalis pedis artery. 


= the great saphenous vein originates from the medial 
side of the arch and passes anterior to the medial mal- 
leolus and onto the medial side of the leg; 

= the small saphenous vein originates from the lateral 
side of the arch and passes posterior to the lateral mal- 
leolus and onto the back of the leg. 


Nerves 


The foot is supplied by the tibial, deep fibular, superficial 
fibular, sural, and saphenous nerves: 


= all five nerves contribute to cutaneous or general 
sensory innervation; 
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Fig. 6.119 Superficial veins of the foot. 


= the tibial nerve innervates all intrinsic muscles of the 
foot except for the extensor digitorum brevis, which is 
innervated by the deep fibular nerve; 

= the deep fibular nerve often also contributes to the 
innervation of the first and second dorsal interossei. 


Tibial nerve 


The tibial nerve enters the foot through the tarsal tunnel 
posterior to the medial malleolus. In the tunnel, the nerve 
is lateral to the posterior tibial artery, and gives origin to 
medial calcaneal branches, which penetrate the flexor 
retinaculum to supply the heel. Midway between the 
medial malleolus and the heel, the tibial nerve bifurcates 
with the posterior tibial artery into: 


= alarge medial plantar nerve; and 
= asmaller lateral plantar nerve (Fig. 6.120). 


The medial and lateral plantar nerves lie together 
between their corresponding arteries. 


Medial plantar nerve 


The medial plantar nerve is the major sensory nerve in 
the sole of the foot (Fig. 6.120). It innervates skin on most 
of the anterior two-thirds of the sole and adjacent surfaces 
of the medial three and one-half toes, which includes the 
great toe. In addition to this large area of plantar skin, the 
nerve also innervates four intrinsic muscles—the abductor 
hallucis, flexor digitorum brevis, flexor hallucis brevis, and 
the first lumbrical. 

The medial plantar nerve passes into the sole of the foot 
deep to the abductor hallucis muscle and forward in the 
groove between the abductor hallucis and flexor digitorum 
brevis, supplying branches to both these muscles. 

The medial plantar nerve supplies a digital branch 
(proper plantar digital nerve) to the medial side of the 
great toe and then divides into three nerves (common 
plantar digital nerves) on the plantar surface of the 
flexor digitorum brevis, which continue forward to supply 
proper plantar digital branches to adjacent surfaces of toes 
I to IV. The nerve to the first lumbrical originates from the 
first common plantar digital nerve. 


Lateral plantar nerve 


The lateral plantar nerve is an important motor nerve 
in the foot because it innervates all intrinsic muscles in the 
sole, except for the muscles supplied by the medial plantar 
nerve (the abductor hallucis, flexor digitorum brevis, flexor 
hallucis brevis, and first lumbrical) (Fig. 6.120). It also 
innervates a strip of skin on the lateral side of the anterior 
two-thirds of the sole and the adjacent plantar surfaces of 
the lateral one and one-half digits. 
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Fig. 6.120 Lateral and medial plantar nerves. A. Sole of the right 
foot. B. Cutaneous distribution. 
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The lateral plantar nerve enters the sole of the foot by 
passing deep to the proximal attachment of the abductor 
hallucis muscle. It continues laterally and anteriorly across 
the sole between the flexor digitorum brevis and quadratus 
plantae muscles, supplying branches to both these muscles, 
and then divides near the head of metatarsal V into a deep 
and superficial branch. 

The superficial branch of the lateral plantar nerve 
gives rise to a proper plantar digital nerve, which sup- 
plies skin on the lateral side of the little toe and to a 
common plantar digital nerve, which divides to supply 
proper plantar digital nerves to skin on the adjacent sides 
of toes IV and V. 

The proper plantar digital nerve to the lateral side of the 
little toe also innervates the flexor digiti minimi brevis and 
the dorsal and plantar interossei muscles between metatar- 
sals IV and V. 

The deep branch of the lateral plantar nerve is motor 
and accompanies the lateral plantar artery deep to the long 
flexor tendons and the adductor hallucis muscle. It supplies 
branches to the second to fourth lumbrical muscles, the 
adductor hallucis muscle, and all interossei except those 
between metatarsals IV and V, which are innervated by 
the superficial branch. 


In the clinic 


Morton’s neuroma 

A Morton's neuroma is an enlarged common plantar 
nerve, usually in the third interspace between the third 
and fourth toes. In this region of the foot the lateral 
plantar nerve often unites with the medial plantar 
nerve. As the two nerves join, the resulting nerve is 
typically larger in diameter than those of the other toes. 
Also, it is in a relatively subcutaneous position, just 
above the fat pad of the foot close to the artery and the 
vein. Above the nerve is the deep transverse metatarsal 
ligament, which is a broad strong structure holding the 
metatarsals together. Typically, as the patient enters the 
“push off” phase of walking the interdigital nerve is 
sandwiched between the ground and the deep 
transverse metatarsal ligament. The forces tend to 
compress the common plantar nerve, which can be 
irritated, in which case there is usually some associated 
inflammatory change and thickening. 

Typically, patients experience pain in the third 
interspace, which may be sharp or dull and is usually 
worsened by wearing shoes and walking. 

Treatment may include injection of anti- 
inflammatory drugs, or it may be necessary to surgically 
remove the lesion. 
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Fig. 6.121 A. Terminal branches of superficial and deep fibular 
nerves in the foot. B. Cutaneous distribution. 


Deep fibular nerve 


The deep fibular nerve innervates the extensor digito- 
rum brevis, contributes to the innervation of the first two 
dorsal interossei muscles, and supplies general sensory 
branches to the skin on the adjacent dorsal sides of the first 
and second toes and to the web space between them (Fig. 
6.121). 

The deep fibular nerve enters the dorsal aspect of the 
foot on the lateral side of the dorsalis pedis artery, and is 
parallel with and lateral to the tendon of the extensor hal- 
lucis longus muscle. Just distal to the ankle joint, the nerve 
gives origin to a lateral branch, which innervates the 
extensor digitorum brevis from its deep surface. 

The deep fibular nerve continues forward on the dorsal 
surface of the foot, penetrates deep fascia between metatar- 
sals I and II near the metatarsophalangeal joints, and then 
divides into two dorsal digital nerves, which supply skin 
over adjacent surfaces of toes I and II down to the begin- 
ning of the nail beds. 

Small motor branches, which contribute to the supply 
of the first two dorsal interossei muscles, originate from the 
deep fibular nerve before it penetrates deep fascia. 


Superficial fibular nerve 


The superficial fibular nerve is sensory to most skin on 
the dorsal aspect of the foot and toes except for skin on 


adjacent sides of toes I and II (which is innervated by the 
deep fibular nerve) and skin on the lateral side of the foot 
and little toe (which is innervated by the sural nerve; Fig. 
6.121). 

The superficial fibular nerve penetrates deep fascia on 
the anterolateral side of the lower leg and enters the dorsal 
aspect of the foot in superficial fascia. It gives rise to cutane- 
ous branches and dorsal digital nerves along its 
course. 


Sural nerve 


The sural nerve is a cutaneous branch of the tibial nerve 
that originates high in the leg. It enters the foot in superfi- 
cial fascia posterior to the lateral malleolus close to the 
short saphenous vein. Terminal branches innervate skin 
on the lateral side of the foot and dorsolateral surface of the 
little toe (Fig. 6.121B). 


Saphenous nerve 


The saphenous nerve is a cutaneous branch of the femoral 
nerve that originates in the thigh. Terminal branches enter 
the foot in superficial fascia on the medial side of the ankle 
and supply skin on the medial side of the proximal foot (Fig. 
6.121B). 
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Surface anatomy 


Lower limb surface anatomy 


Tendons, muscles, and bony landmarks in the lower limb 
are used to locate major arteries, veins, and nerves (Fig. 
6.122). 

Because vessels are large, they can be used as entry 
points to the vascular system. In addition, vessels in the 
lower limb are farthest from the heart and the most inferior 
in the body. Therefore, the nature of peripheral pulses in 


the lower limb can give important information about the 
status of the circulatory system in general. 

Sensation and muscle action in the lower limb are tested 
to assess lumbar and sacral regions of the spinal cord. 


Avoiding the sciatic nerve 


The sciatic nerve innervates muscles in the posterior com- 
partment of thigh, muscles in the leg and foot, and an 





Fig. 6.122 Normal appearance of the lower limbs. A. Anterior view of the lower limbs. B. Posterolateral view of the lower limbs. C. Medial 
view of the right foot and distal leg. D. Superior view of the dorsal aspect of the right foot. 


appreciable area of skin. It enters the lower limb in the 
gluteal region (Fig. 6.123) and passes inferiorly midway 
between two major palpable bony landmarks, the greater 
trochanter and the ischial tuberosity. The greater trochan- 
ter can be easily felt as a hard bony protuberance about 
one hand’s width inferior to the midpoint of the iliac crest. 
The ischial tuberosity is palpable just above the gluteal 
fold. 

The gluteal region can be divided into quadrants by two 
lines positioned using palpable bony landmarks. 
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= One line descends vertically from the highest point of 
the iliac crest. 

= The other line passes horizontally through the first line 
midway between the highest point of the iliac crest and 
the horizontal plane through the ischial tuberosity. 


The sciatic nerve curves through the upper lateral 
corner of the lower medial quadrant and descends along 
the lateral margin of the lower medial quadrant. Injections 
can be carried out in the anterior corner of the upper lateral 
quadrant to avoid injury to the sciatic nerve and major 
vessels in the region (Fig. 6.123B). 


Vertical line 


Sciatic nerve 





Fig. 6.123 Avoiding the sciatic nerve. A. Posterior view of the gluteal region of a man with the position of the sciatic nerve indicated. B. 
Posterolateral view of the left gluteal region with gluteal quadrants and the position of the sciatic nerve indicated. 
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Finding the femoral artery in the 
femoral triangle 


The femoral artery passes into the femoral triangle (Fig. 
6.124) of the lower limb from the abdomen. 

The femoral triangle is the depression formed in the 
anterior thigh between the medial margin of the adductor 
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Fig. 6.124 Position of the femoral artery in the femoral triangle. 
630 Anterior thigh. 


longus muscle, the medial margin of the sartorius muscle, 
and the inguinal ligament. 

The tendon of the adductor longus muscle can be pal- 
pated as a cord-like structure that attaches to bone imme- 
diately inferior to the pubic tubercle. 

The sartorius muscle originates from the anterior supe- 
rior iliac spine and crosses anteriorly over the thigh to 
attach to the medial aspect of the tibia below the knee 
joint. 

The inguinal ligament attaches to the anterior superior 
iliac spine laterally and the pubic tubercle medially. 

The femoral artery descends into the thigh from the 
abdomen by passing under the inguinal ligament and into 
the femoral triangle. In the femoral triangle, its pulse is 
easily felt just inferior to the inguinal ligament midway 
between the pubic symphysis and the anterior superior 
iliac spine. Medial to the artery is the femoral vein and 
medial to the vein is the femoral canal, which contains 
lymphatics and lies immediately lateral to the pubic tuber- 
cle. The femoral nerve lies lateral to the femoral artery. 


Identifying structures around 
the knee 


The patella is a prominent palpable feature at the knee. The 
quadriceps femoris tendon attaches superiorly to it and the 
patellar ligament connects the inferior surface of the patella 
to the tibial tuberosity (Fig. 6.125). The patellar ligament 
and the tibial tuberosity are easily palpable. A tap on the 
patellar ligament (tendon) tests reflex activity mainly at 
spinal cord levels L3 and L4. 

The head of the fibula is palpable as a protuberance on 
the lateral surface of the knee just inferior to the lateral 
condyle of the tibia. It can also be located by following the 
tendon of the biceps femoris inferiorly. 

The common fibular nerve passes around the lateral 
surface of the neck of the fibula just inferior to the head and 
can often be felt as a cord-like structure in this position. 

Another structure that can usually be located on the 
lateral side of the knee is the iliotibial tract. This flat ten- 
dinous structure, which attaches to the lateral tibial 
condyle, is most prominent when the knee is fully extended. 
In this position, the anterior edge of the tract raises a sharp 
vertical fold of skin posterior to the lateral edge of the 
patella. 
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Fig. 6.125 Identifying structures around the knee. A. Anterior view of the right knee. B. Lateral view of the partially flexed right knee. 
C. Lateral view of the extended right knee, thigh, and gluteal region. 


631 





632 


Lower limb 


Common fibular nerve 





Popliteal fossa 








Biceps femoris muscle 
and tendon 


Head of fibula 


Lateral head of 
gastrocnemius muscle 





Semimembranosus 
muscle 


Popliteal vein 
Popliteal artery 


Tibial nerve 


Semitendinosus tendon 


Medial head of 
gastrocnemius muscle 


Penetrates deep fascia 


Small saphenous vein 





a Saa 
=e es — 


Fig. 6.126 Visualizing the contents of the popliteal fossa. Posterior view of the left knee. 


Visualizing the contents of the 
popliteal fossa 


The popliteal fossa is a diamond-shaped depression formed 
between the hamstrings and gastrocnemius muscle poste- 
rior to the knee. The inferior margins of the diamond are 
formed by the medial and lateral heads of the gastrocne- 
mius muscle. The superior margins are formed laterally by 
the biceps femoris muscle and medially by the semimem- 
branosus and semitendinosus muscles. The tendons of the 
biceps femoris muscle and the semitendinosus muscle are 
palpable and often visible. 

The head of the fibula is palpable on the lateral side of 
the knee and can be used as a landmark for identifying the 


biceps femoris tendon and the common fibular nerve, 
which curves laterally out of the popliteal fossa and crosses 
the neck of the fibula just inferior to the head. 

The popliteal fossa contains the popliteal artery, the 
popliteal vein, the tibial nerve, and the common fibular 
nerve (Fig. 6.126). The popliteal artery is the deepest of the 
structures in the fossa and descends through the region 
from the upper medial side. As a consequence of its posi- 
tion, the popliteal artery pulse is difficult to find, but usually 
can be detected on deep palpation just medial to the midline 
of the fossa. 

The small saphenous vein penetrates deep fascia in the 
upper part of the posterior leg and joins the popliteal 
vein. 


Finding the tarsal tunnel—the 
gateway to the foot 


The tarsal tunnel (Fig. 6.127) is formed on the medial side 
of the foot in the groove between the medial malleolus and 
the heel (calcaneal tuberosity) and by the overlying flexor 
retinaculum. 

The posterior tibial artery and tibial nerve enter the foot 
through the tarsal tunnel. The tendons of the tibialis pos- 
terior, flexor digitorum longus, and flexor hallucis longus 





Medial malleolus 


Fig. 6.127 Finding the tarsal tunnel—the gateway to the foot. 


also pass through the tarsal tunnel in compartments 
formed by septa of the flexor retinaculum. 

The order of structures passing through the tunnel from 
the anteromedial to posterolateral are the tendon of the 
tibialis posterior, the tendon of the flexor digitorum longus, 
the posterior tibial artery and associated veins, the tibial 
nerve, and the tendon of the flexor hallucis longus. 

The tibial artery is palpable just posteroinferior to the 
medial malleolus on the anterior face of the visible groove 
between the heel and medial malleolus. 
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Identifying tendons around the 
ankle and in the foot 


Numerous tendons can be identified around the ankle and 
in the foot (Fig. 6.128) and can be used as useful land- 
marks for locating vessels or testing spinal reflexes. 

The tibialis anterior tendon is visible on the medial side 
of the ankle anterior to the medial malleolus. 

The calcaneal tendon is the largest tendon entering the 
foot and is prominent on the posterior aspect of the foot as 
it descends from the leg to the heel. A tap with a tendon 
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hammer on this tendon tests reflex activity of spinal cord 
levels S1 and S2. 

When the foot is everted, the tendons of the fibularis 
longus and fibularis brevis raise a linear fold of skin, which 
descends from the lower leg to the posterior edge of the 
lateral malleolus. 

The tendon of the fibularis brevis is often evident on the 
lateral surface of the foot descending obliquely to the base of 
metatarsal V. The tendons of the fibularis tertius, extensor 
digitorum longus, and extensor hallucis longus are visible 
on the dorsal aspect of the foot from lateral to medial. 
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Fig. 6.128 Identifying tendons around the ankle and in the foot. A. Medial side of the right foot. B. Posterior aspect of the right foot. C. 


Lateral side of the right foot. D. Dorsal aspect of the right foot. 


Finding the dorsalis pedis artery 


The nature of the dorsalis pedis pulse (Fig. 6.129) is impor- 
tant for assessing peripheral circulation because the dorsa- 
lis pedis artery is the farthest palpable vessel from the heart. 
Also, it is the lowest palpable artery in the body when a 
person is standing. 

The dorsalis pedis artery passes onto the dorsal aspect 
of the foot and anteriorly over the tarsal bones where it lies 
between and is parallel to the tendon of the extensor hal- 
lucis longus and the tendon of the extensor digitorum 
longus to the second toe. It is palpable in this position. The 
terminal branch of the dorsalis pedis artery passes into 
the plantar surface of the foot between the two heads of 
the first dorsal interosseous muscle. 








Extensor hallucis 
longus tendon 


Dorsalis pedis artery 


Extensor digitorum 
longus tendon to 
second toe 


Fig. 6.129 Finding the dorsalis pedis artery. 





Approximating the position of 
the plantar arterial arch 


The blood supply of the foot is provided by branches of the 
posterior tibial and dorsalis pedis arteries. 

The posterior tibial artery enters the plantar surface of 
the foot through the tarsal tunnel and divides into a lateral 
and a medial plantar artery. 

The lateral plantar artery curves laterally across the pos- 
terior half of the sole and then curves medially as the plantar 
arch (Fig. 6.130) through the anterior sole. Between the 
bases of metatarsals I and II, the plantar arch joins the ter- 
minal branch (deep plantar artery) of the dorsalis pedis 
artery. Most of the foot is supplied by the plantar arch. 

The medial plantar artery passes anteriorly through the 
sole, connects with branches of the plantar arch, and sup- 
plies the medial side of the great toe. 
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Fig. 6.130 Position of the plantar arch. 635 
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Major superficial veins 


Superficial veins in the lower limb often become enlarged. 
Also, because the veins are long, they can be removed and 
used elsewhere in the body as vascular grafts. 

Superficial veins (Fig. 6.131) in the lower limb begin as 
a dorsal venous arch in the foot. The medial side of the arch 
curves superiorly anterior to the medial malleolus and 
passes up the leg and thigh as the great saphenous vein. 





Dorsal 
venous arch 


This vein passes through an aperture in the fascia lata 
(saphenous ring) to join with the femoral vein in the 
femoral triangle. 

The lateral side of the dorsal venous arch in the foot 
passes posterior to the lateral malleolus and up the poste- 
rior surface of the leg as the small saphenous vein. This 
vessel passes through the deep fascia in the upper one-third 
of the leg and connects with the popliteal vein in the pop- 
liteal fossa posterior to the knee. 





Joins femoral vein 


Saphenous ring 


C 


Great 
saphenous vein 






Joins popliteal vein 


Passes through 
deep fascia 


Small 
saphenous vein 


Fig. 6.131 Major superficial veins. A. Dorsal aspect of the right foot. B. Anterior view of right lower limb. C. Posterior aspect of the left 


thigh, leg, and foot. 


Pulse points 


Peripheral pulses can be felt at four locations in the lower 
limb (Fig. 6.132): 


= femoral pulse in the femoral triangle—femoral artery 
inferior to the inguinal ligament and midway between 
the anterior superior iliac spine and the pubic 
symphysis; 

= popliteal pulse in the popliteal fossa—popliteal artery 
deep in the popliteal fossa medial to the midline; 





Femoral pulse 





Posterior tibial pulse 


Fig. 6.132 Where to feel peripheral arterial pulses in the lower limb. 








posterior tibial pulse in the tarsal tunnel—posterior 
tibial artery posteroinferior to the medial malleolus in 
the groove between the medial malleolus and the heel 
(calcaneal tuberosity); 

dorsalis pedis pulse on the dorsal aspect of the foot— 
dorsalis pedis artery as it passes distally over the tarsal 
bones between the tendon of the extensor hallucis 
longus and the tendon of the extensor digitorum longus 
to the second toe. 


Popliteal pulse 








Dorsalis pedis pulse 
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Clinical cases 


Case 1 
VARICOSE VEINS 


A young woman came to a vascular surgeon with a 
series of large dilated tortuous veins in her right 
leg. The rest of her leg was otherwise 
unremarkable. 


A diagnosis of varicose veins was made and the 
surgeon needs to determine the site of valvular 
incompetence. 


There are typical points where incompetent valves occur 
between the superficial and the deep veins. In these 
regions the varicosities tend to become marked. The 
typical sites are: 

= at the saphena varix—the saphenofemoral junction 
where the femoral vein is joined by the great 
saphenous vein; 

a jn the midthigh perforating vein between the great 
saphenous vein and the femoral vein; 

a inthe calf the three sites where perforators occur, 5, 
10, and 15cm above the medial malleolus between 
the great saphenous vein and the deep veins of the 
calf; and 

= at the junction of the small saphenous vein and the 
popliteal vein. 


The surgeon asked the patient to lie supine on the bed 
and elevated the leg. A tourniquet was placed around 
the upper thigh below the saphenofemoral junction 
and the patient was asked to stand up. No veins were 
demonstrated filling on the medial aspect of the thigh 
and lower limb. 


The effect of the tourniquet is to compress the great 
saphenous vein while permitting blood to flow in the 
deep venous system of the femoral vein and the deep 
femoral vein. 


Because there was no filling of the medial varicose 
veins below the level of the tourniquet, the surgeon 


assumed that the valve at the saphenofemoral 
junction was incompetent and would require surgical 
treatment. 


However, during the tourniquet maneuver the 
surgeon also noted some veins around the posterior 
and posterolateral aspect of the calf. 


A similar technique was performed by application of a 
tourniquet just below the level of the knee joint while 
the leg was elevated. The patient stood up and no 
veins were demonstrated filling in the posterior and 
posterolateral aspect of the calf. These findings 
suggested to the surgeon that there was also 
incompetence of the valve for the small saphenous 
system where it anastomoses with the popliteal vein. 


Surgery was planned. 


A small transverse incision was made below the level 
of the inguinal ligament where the great saphenous 
vein passes through the saphenous ring in the deep 
fascia. This can be easily palpated as a small circular 
defect in the fascia. The saphenofemoral junction was 
identified and the great saphenous vein was ligated, at 
its anastomosis with the femoral vein. The great 
saphenous vein was stripped using special surgical 
techniques and removed. 


The patient was placed prone for the second part of 
the operation. 


A small incision was made transversely at the level of 
the skin crease in the popliteal fossa. However, the 
surgeon had difficulty identifying the junction 
between the small saphenous vein and the popliteal 
vein. After considerable time the surgeon located what 


(continued) 


Case 1 (continued) 


he thought was the small saphenous vein and the 
structure was ligated and the wound closed. 


The following day the patient was sent home, but 
returned to the clinic after 2 weeks complaining of 
problems walking. On examination there was absence 
of dorsiflexion, a sensory disturbance over the outer 
aspect of the leg and foot, and obvious wasting of the 
fibular muscles. As the patient walked, the foot was 
dragged between steps. A clinical diagnosis of foot 
drop was made and a common fibular nerve injury 
was diagnosed. The injury occurred at the time of 
surgery. 


Within the popliteal fossa are the popliteal artery, 
popliteal vein, and sciatic nerve (and its divisions). The 
popliteal artery is the deepest structure. The popliteal vein 
is superficial to the artery and the sciatic nerve is 
superficial to the vein (Fig. 6.133). Importantly, the sciatic 
nerve divides at the apex of the popliteal fossa. The tibial 
nerve continues into the lower popliteal fossa. The 
common fibular nerve passes laterally adjacent to the 
biceps femoris muscle to become superficial and wrap 
around the fibula neck. 


It was concluded that the surgeon had accidentally 
ligated the common fibular nerve rather than the 
small saphenous vein, thus producing this patient’s 
symptoms. 


Case 2 
KNEE JOINT INJURY 


A young man was enjoying a long weekend skiing 
at a European ski resort. While racing a friend he 
caught an inner edge of his right ski. He lost his 
balance and fell. During his tumble he heard an 
audible “click.” After recovering from his spill, he 
developed tremendous pain in his right knee. He 
was unable to carry on skiing for that day, and by 
the time he returned to his chalet, his knee was 
significantly swollen. He went immediately to see 
an orthopedic surgeon. 


The orthopedic surgeon carefully reviewed the 
mechanism of injury. 
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Fig. 6.133 Popliteal fossa showing position of the popliteal 
artery and vein and sciatic nerve. Tl-weighted magnetic 
resonance image in the axial plane. 


The man was skiing down the slope with both skis in 
parallel. The ankles were held rigid in the boots and the 
knees were slightly flexed. A momentary loss of 
concentration led to the skier catching the inner edge of 
his right ski. This effect was to force the boot and calf into 
external rotation. Furthermore, the knee was forced into 
a valgus position (bowed laterally away from the midline) 
and the skier tumbled. Both skis were detached from the 
boots as the bindings released them. 


A series of structures within the knee joint were 
damaged sequentially. 


(continued) 
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Case 2 (continued) 


As the knee went into external rotation and valgus, hours with significant fluid accumulation in the joint 
the anterior cruciate ligament became taut, acting as a cavity. 

fulcrum. The tibial collateral ligament was stressed and 
the lateral compartment of the knee compressed. As 
the force increased, the tibial collateral ligament was 


The patient had a surgical reconstruction of the 
anterior cruciate ligament. 


torn (Fig. 6.134A and 6.134B), as was the medial It is difficult to find a man-made substance that can act 
meniscus (Fig. 6.135C). Finally, the anterior cruciate in the same way as the anterior cruciate ligament and 
ligament, which was taut, gave way (Fig. 6.135A and demonstrates the same physical properties. Surgeons 
B). have devised ingenious ways of reconstructing the 


anterior cruciate ligament. Two of the commonest 
methods use the patellar ligament (tendon) and 
Disruption of the anterior cruciate ligament hamstrings to reconstruct the ligament. 
characteristically produces marked joint swelling. The 
ligament is extrasynovial and intracapsular and has a 


The joint became swollen some hours afterward. 


The patient had further surgical procedures. 


rich blood supply. As the ligament was torn it ruptured The tibial collateral ligament was explored and 
into the joint. Blood from the tear irritates the synovial resutured. Using arthroscopic techniques, the tear in 
membrane and also enters the joint. These factors the medial meniscus was débrided to prevent further 
produce gradual swelling of the joint over the ensuing complications. 
A Femi Tibial collateral B a . 
ligament Torn tibial collateral ligament 





Lateral Tera Medial Lateral Medial 
meniscus meniscus meniscus meniscus 


Fig. 6.134 A. Normal knee joint showing the tibial collateral ligament and the medial and lateral menisci. Proton density (PD)- 
weighted magnetic resonance image in the coronal plane. B. Knee joint showing a torn tibial collateral ligament. PD-weighted 
magnetic resonance image in the coronal plane. 
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Case 2 (continued) 


A Patella Femur 
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Displaced fragment of medial meniscus Anterior cruciate Tibi 
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Fig. 6.135 A. Knee joint showing an intact anterior cruciate ligament. T2-weighted magnetic resonance image in the sagittal plane. 
B. Knee joint showing a torn anterior cruciate ligament. T2-weighted magnetic resonance image in the sagittal plane. C. Knee joint 
showing a torn medial meniscus. Proton density-weighted magnetic resonance image in the sagittal plane. 
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Case 3 


FRACTURE OF NECK OF FEMUR 


A 72-year-old woman was admitted to the 
emergency room after falling at home. She 
complained of a severe pain in her right hip and 
had noticeable bruising on the right side of the 
face. 


On admission it was noted that the patient’s right leg 
was shorter than her left leg and externally rotated. 


An initial series of investigations was carried out, 
including a plain radiograph of the pelvis. 


The plain radiograph of the pelvis demonstrated a 
displaced fracture through the right midcervical region 
of the neck of femur. 


The apparent shortening and external rotation of the leg 
on clinical examination were accounted for by spasm of 
the muscles connecting the pelvis to the trochanters and 
proximal femur. Of the muscles that surround the hip 
joint the largest group is the adductor group (adductor 
longus, brevis, and magnus) and psoas major. The psoas 
major inserts onto the lesser trochanter and its action is 
to externally rotate and flex the hip. The fulcrum of action 
of the psoas major is the femoral head in the 
acetabulum. However, when the femoral neck is 
detached its overriding action pulls the femur proximally 
and into external rotation. The external rotation is 
exacerbated by the spasm in the adductor muscles. 


Extensive medical testing was necessary before 
surgery. It is important to remember that elderly 
patients may have a number of coexisting diseases. 


The patient then underwent a hemiarthroplasty. 


Hemiarthroplasty is a surgical procedure in which the 
femoral head is removed from the acetabulum. The 
femoral neck is trimmed close to the trochanters and the 
medullary cavity of the femoral shaft is reamed. A metal 


hip prosthesis is inserted into the medullary cavity of the 
femur and the head of the prosthesis is placed into the 
acetabulum, in which it articulates. Importantly, the 
acetabulum is not replaced in straightforward cases, 
though a prosthetic acetabulum may be inserted if 
clinically appropriate. 


An arthroplasty was the only procedure that could be 
performed. 


The blood supply to the femoral head is from three 
sources—the artery within the ligament of head of femur, 
vessels in the medullary cavity, and vessels deep to the 
synovium running in the retinacula of the fibrous capsule 
of the hip joint. With increasing age, the medullary cavity 
undergoes fatty replacement of the normal red marrow, 
thus attenuating the medullary blood supply. The artery 
within the ligament of head of femur also becomes 
attenuated and this is often associated with 
atherosclerotic arterial disease. 


Unfortunately for this patient, the sole blood supply to 
the head of the femur was via the vessels in the 
retinacula fibers, which were transected at the time of 
the fracture. If the patient had an intertrochanteric 
fracture instead, the vessels of the retinacula fibers 
would not have been damaged and a different 
approach to surgical fixation could be undertaken 
without the need for a hemiarthroplasty. 


The patient has osteoporosis. 


Osteoporosis is a common condition affecting older 
people, but is significantly more frequent in 
postmenopausal women. Many fractures of the 
femoral neck in elderly patients occur because the 
strength of the bone is significantly reduced when it is 
osteoporotic. Other common sites for osteoporotic 
fractures include the distal radius and the thoracic and 
lumbar vertebrae. 


Case 4 
DEEP VEIN THROMBOSIS 


A 28-year-old woman was seen by her family 
practitioner for a routine pregnancy check-up at 36 
weeks’ gestational age. Neither the patient nor the 
family physician had any concerns about the 
pregnancy. However, the patient did complain of 
unilateral swelling of her left leg, which had 
gradually increased over the previous 2 days. 
Furthermore, the evening before her visit she 
developed some sharp chest pain, which was 
exacerbated by deep breaths. 


The family physician ordered a duplex ultrasound scan 
of the left leg venous system. 


Ultrasound scanning of the vascular tree can 
demonstrate flow and occlusion of arteries and veins. 


The probe was placed over the left femoral vein and 
no flow was demonstrated. Furthermore, the vein 
could not be compressed, and no alteration of flow 
with breathing could be demonstrated. Some flow was 
demonstrated in the deep femoral vein and in the 
great saphenous vein. No flow was demonstrated 
throughout the length of the left femoral vein, the 
popliteal vein, and the tibial veins. 


The technician scanned the opposite side, where 
excellent flow was demonstrated within the right 
femoral venous system. In addition, when the calf was 
gently massaged an augmentation to the flow was 
noted. It was possible to demonstrate alteration of 
flow with respiratory excursion and venous 
compression was Satisfactory. A diagnosis of extensive 
left-sided deep vein thrombosis was made. 


Certain patients are more prone to deep vein thrombosis. 


Three major factors predispose a patient to thrombosis: 

= reduced or stagnant blood flow in the veins— 
significant stasis of blood (which may be due to lack 
of movement), reduced muscular calf pump effect, 
and obstruction to flow may occur; 

a injury to the vein wall—venous trauma may 
damage the vessel walls, promoting thrombus 
formation; 
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= hypercoagulability of the blood—hypercoagulable 
states are often associated with abnormal levels of 
certain clotting factors, such as antithrombin III, 
protein C, and protein S. 


In this patient, compression of the left external iliac 
veins by the gravid uterus was the likely cause of 
stasis, which led to the deep vein thrombosis. 


The chest pain was due to pulmonary emboli. 


Small emboli were thrown off from the leading edge of 
the thrombus through the heart to lodge in the lungs. 
Small emboli cause typical pleuritic chest pain, which is 
exacerbated by breathing. In isolation these small 
pulmonary emboli may affect respiratory function, but 
they may be the precursor to a large and potentially fatal 
pulmonary embolus (Fig. 6.136). 


Anticoagulation was instituted and the patient had an 
uneventful delivery. 


Embolus Left atrium 





Aorta 


Right inferior pulmonary 
artery with embolus 


Fig. 6.136 Pulmonary embolus. Axial computed tomogram. 
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Case 5 
RUPTURED CALCANEAL TENDON 


A 45-year-old man had recently taken up squash. 
During a game he attempted a forehand shot and 
noticed severe sudden pain in his heel. He thought 
his opponent had hit him with his racket. When he 
turned, though, he realized his opponent was too 
far away to have hit him. 


Within minutes there was marked swelling of the 
ankle. The patient was unable to plantarflex his foot 
and had to stop the game. Afterward an appreciable 
subcutaneous hematoma developed in the ankle. 


The diagnostic possibilities include a bone or soft tissue 
injury. 


A bony injury was excluded because there was no 
bone tenderness. 


The patient had a significant soft tissue injury. On 
examination he had significant swelling of the ankle 
with a subcutaneous hematoma. He was unable to 
stand on tiptoe on the right leg, and in the prone 
position a palpable defect was demonstrated within 
the calcaneal tendon. 


A diagnosis of calcaneal tendon rupture was made. 


This patient has a typical history of ruptured calcaneal 

tendon and the clinical findings support this. Magnetic 
resonance imaging was carried out and confirmed the 

diagnosis (Fig. 6.137). 


The patient underwent an operative repair. 


The tendon healed well, though the patient has not 
gone back to playing squash. 


Ruptured calcaneal tendon 


d 7 
s a 
a te \ 

k aam 
. — \ > 


a, 


p 





Talus Calcaneus 


Fig. 6.137 Ankle showing a ruptured calcaneal ligament. T2- 
weighted magnetic resonance image in the sagittal plane. 


Case 6 
POPLITEAL ARTERY ANEURYSM 


A 67-year-old man was noted to have a mass at the 
back of his knee. The mass measured 
approximately 4 cm in transverse diameter. The 
patient was otherwise fit and well and had no 
other history of note. 


The mass was arising from one of the structures in the 
popliteal fossa. 


Within the popliteal fossa there is a neurovascular 
bundle that contains the sciatic nerve (and its two 
divisions), the popliteal artery, and the popliteal vein. 
There are also numerous small bursae associated with 
the posterior aspect of the knee joint and the muscles 
and tendons in this region. It is possible that this mass 
is arising from the posterior structures of the knee 
joint, which include synovial outpouchings, the 
menisci, and the muscles and tendons of this region. 


The commonest masses demonstrated within the 
popliteal fossa are a popliteal cyst, a popliteal aneurysm, 
and an arterial adventitial cyst. 


Further clinical examination revealed that this mass 
was pulsatile and demonstrated a bruit (an audible 
rumbling made by turbulent blood flow) on 
auscultation. 


A diagnosis of popliteal artery aneurysm was made. 


A popliteal artery aneurysm is an abnormal dilatation of 
the popliteal artery. It is unusual for it to be greater than 
5cm because symptoms usually develop before it reaches 
this size. 
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Unlike aneurysms elsewhere in the body, the natural 
history of popliteal aneurysms is to embolize, with the 
mural thrombus producing ischemia distal to the lesion, 
rather than rupture. It is mandatory to examine the rest 
of the arterial tree in patients with a popliteal aneurysm 
because aneurysms may be bilateral and there is an 
association with abdominal aortic aneurysms. 


The other diagnostic possibilities include a popliteal cyst 
and an adventitial cyst. 


A popliteal cyst (Baker's cyst) is a synovial outpouching 
that arises from the posteromedial aspect of the knee 
joint. The synovial membrane of the knee joint 
outpouches between the medial head of gastrocnemius 
and the semimembranosus tendon to lie medially within 
the popliteal fossa. Occasionally it tracks inferiorly to lie 
in and around the tendons that form the pes anserinus 
(sartorius, gracilis, and semitendinosus). 


An arterial adventitial cyst is an uncommon cystic 
structure that arises from the wall of the artery. 


An ultrasound investigation was carried out. 


Using real-time ultrasound the dimensions of the 
popliteal aneurysm were characterized and the flow in 
the vessels was demonstrated. Furthermore, a 
popliteal cyst and adventitial cyst were completely 
excluded. 


The patient underwent a surgical excision and graft 
interposition and has made an uneventful recovery. 
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Case 7 
ANTERIOR TALOFIBULAR LIGAMENT TEAR 


A young long-distance runner came to her 
physician with acute swelling around the lateral 
aspect of her ankle. This injury occurred directly 
after accidentally running into a pothole in the 
pavement. 


A fractured ankle was suspected. 


Plain anterior—posterior and lateral radiographs of the 
ankle revealed no evidence of any bone injury to 
account for the patient's soft tissue swelling. 


The patient was given a pair of crutches, analgesics, 
and told to rest. A diagnosis of a simple sprain was 
made. 


Over the ensuing weeks the swelling and edema 
within the soft tissue of the ankle decreased and the 
patient began to run, but noted that the ankle kept 
“giving way.” She went to an orthopedic surgeon for 
further assessment. 


There was a positive anterior drawer test of the ankle 
joint. 


At this stage it is important to review the mechanism of 
injury. Typically when running on a hard surface the final 
phase of push off involves supination of the foot. If the 
foot is caught in a pothole or divot, this supinating 
maneuver continues and inverts the ankle joint in 
plantarflexion. This puts significant strain on the lateral 
ligament complex and, given the appropriate 
circumstances, disruption (in order) of the ligament 
structures occurs from anterior to posterior. First, the 
anterior talofibular ligament is disrupted followed by the 
calcaneofibular ligament, then the posterior talofibular 
ligament. As each of these ligaments is disrupted, the 
severity of the soft tissue injury Is significantly enhanced 
and the chance of permanent ankle instability is 
increased. 


On examination any positive anterior drawer test of the 
ankle (4-5 mm compared to the opposite side) suggests 
an injury to the anterior talofibular ligament. 


The anterior talofibular ligament can be assessed by 
placing the foot in marked plantarflexion. If there is over 
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Case 7 (continued) 


10° of difference between the affected and nonaffected MRI is excellent for demonstrating the medial and lateral 
foot, an anterior talofibular ligament disruption is ligament complexes of the ankle as well as the soft 
suspected. tissues that support the bones of the posterior foot. 

It is extremely rare for all three ligaments to be disrupted, Unfortunately for this patient there was a tear of the 
and if so there are usually other significant ankle injuries. anterior talofibular ligament (Fig. 6.138), which had to 


l i ! l be repaired surgically. 
Magnetic resonance imaging (MRI) was carried out to P ee 


assess ligament damage. 


A Normal anterior talofibular ligament 


B Torn anterior talofibular ligament 





Calcaneal tendon Talus Fibula Calcaneal tendon Tibia Fibula 


Fig. 6.138 A. Normal ankle joint showing an intact anterior talofibular ligament. Tl-weighted magnetic resonance image in the axial 
plane. B. Ankle joint showing a torn anterior talofibular ligament. T2-weighted magnetic resonance image in the axial plane. 
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Conceptual overview 
GENERAL DESCRIPTION The shoulder is the area of upper limb attachment to the 


trunk (Fig. 7.1B). 
The upper limb is associated with the lateral aspect of the The arm is the part of the upper limb between the shoul- 
lower portion of the neck and with the thoracic wall. It is der and the elbow joint; the forearm is between the elbow 
suspended from the trunk by muscles and a small skeletal joint and the wrist joint; and the hand is distal to the wrist 
articulation between the clavicle and the sternum—the joint. 
sternoclavicular joint. Based on the position of its major 
joints and component bones, the upper limb is divided into 
shoulder, arm, forearm, and hand (Fig. 7.1A). 
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650 Fig. 7.1 Upper limb. A. Anterior view of the upper limb. B. Superior view of the shoulder. 


The axilla, cubital fossa, and carpal tunnel are signifi- 
cant areas of transition between the different parts of the 
limb (Fig. 7.2). Important structures pass through, or are 
related to, each of these areas. 

The axilla is an irregularly shaped pyramidal area 
formed by muscles and bones of the shoulder and the 
lateral surface of the thoracic wall. The apex or inlet opens 
directly into the lower portion of the neck. The skin of the 
armpit forms the floor. All major structures that pass 
between the neck and arm pass through the axilla. 

The cubital fossa is a triangularly shaped depression 
formed by muscles anterior to the elbow joint. The major 
artery, the brachial artery, passing from the arm to the 
forearm passes through this fossa, as does one of the major 
nerves of the upper limb, the median nerve. 

The carpal tunnel is the gateway to the palm of the 
hand. Its posterior, lateral, and medial walls form an arch, 
which is made up of small carpal bones in the proximal 
region of the hand. A thick band of connective tissue, the 
flexor retinaculum, spans the distance between each side 






Cubital fossa 


Carpal tunnel 


Fig. 7.2 Areas of transition in the upper limb. 


of the arch and forms the anterior wall of the tunnel. The 
median nerve and all the long flexor tendons passing from 
the forearm to the digits of the hand pass through the 
carpal tunnel. 


FUNCTIONS 


Positioning the hand 


Unlike the lower limb, which is used for support, stability, 
and locomotion, the upper limb is highly mobile for posi- 
tioning the hand in space. 

The shoulder is suspended from the trunk predomi- 
nantly by muscles and can therefore be moved relative to 
the body. Sliding (protraction and retraction) and rotating 
the scapula on the thoracic wall changes the position of the 
glenohumeral joint (shoulder joint) and extends the 
reach of the hand (Fig. 7.3). The glenohumeral joint allows 
the arm to move around three axes with a wide range of 
motion. Movements of the arm at this joint are flexion, 
extension, abduction, adduction, medial rotation (internal 
rotation), lateral rotation (external rotation), and circum- 
duction (Fig. 7.4). 

The major movements at the elbow joint are flexion 
and extension of the forearm (Fig. 7.5A). At the other end 
of the forearm, the distal end of the lateral bone, the radius, 
can be flipped over the adjacent head of the medial bone, 
the ulna. Because the hand is articulated with the radius, 
it can be efficiently moved from a palm-anterior position to 
a palm-posterior position simply by crossing the distal end 
of the radius over the ulna (Fig. 7.5B). This movement, 
termed pronation, occurs solely in the forearm. Supination 
returns the hand to the anatomical position. 

At the wrist joint, the hand can be abducted, adducted, 
flexed, extended, and circumducted (Fig. 7.6). These move- 
ments, combined with those of the shoulder, arm, and 
forearm, enable the hand to be placed in a wide range of 
positions relative to the body. 


The hand as a mechanical tool 


One of the major functions of the hand is to grip and 
manipulate objects. Gripping objects generally involves 
flexing the fingers against the thumb. Depending on the 
type of grip, muscles in the hand act to: 


= modify the actions of long tendons that emerge from the 
forearm and insert into the digits of the hand; and 

= produce combinations of joint movements within each 
digit that cannot be generated by the long flexor and 
extensor tendons alone coming from the forearm. 
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Fig. 7.3 Movements of the scapula. A. Rotation. B. Protraction and retraction. 
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Fig. 7.4 Movements of the arm at the glenohumeral joint. 
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Fig. 7.5 Movements of the forearm. A. Flexion and extension at the elbow joint. B. Pronation and supination. 653 


Upper limb 





Abduction Adduction 





Extension l Flexion 









Extension 


Fig. 7.6 Movements of the hand at the wrist joint. 
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The hand as a sensory tool 


The hand is used to discriminate between objects on the 
basis of touch. The pads on the palmar aspect of the fingers 
contain a high density of somatic sensory receptors. Also, 
the sensory cortex of the brain devoted to interpreting 
information from the hand, particularly from the thumb, 
is disproportionately large relative to that for many other 
regions of skin. 


COMPONENT PARTS 


Bones and joints 


The bones of the shoulder consist of the scapula, clavicle, 
and proximal end of the humerus (Fig. 7.7). 

The clavicle articulates medially with the manubrium 
of the sternum and laterally with the acromion of the 
scapula, which arches over the joint between the glenoid 
cavity of the scapula and the head of the humerus (the 


glenohumeral joint). 
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Fig. 7.7 Bones of the upper limb. 


The humerus is the bone of the arm (Fig. 7.7). The distal 
end of the humerus articulates with the bones of the 
forearm at the elbow joint, which is a hinge joint that 
allows flexion and extension of the forearm. 

The forearm contains two bones: 


= the lateral bone is the radius; 
= the medial bone is the ulna (Fig. 7.7). 


At the elbow joint, the proximal ends of the radius and 
ulna articulate with each other as well as with the 
humerus. 

In addition to flexing and extending the forearm, the 
elbow joint allows the radius to spin on the humerus while 
sliding against the head of the ulna during pronation and 
supination of the hand. 

The distal portions of the radius and the ulna also artic- 
ulate with each other. This joint allows the end of the 
radius to flip from the lateral side to the medial side of the 
ulna during pronation of the hand. 

The wrist joint is formed between the radius and carpal 
bones of the hand and between an articular disc, distal to 
the ulna, and carpal bones. 

The bones of the hand consist of the carpal bones, the 
metacarpal bones, and the phalanges (Fig. 7.7). 

The five digits in the hand are the thumb and the index, 
middle, ring, and little fingers. 

Joints between the eight small carpal bones allow only 
limited amounts of movement; as a result, the bones work 
together as a unit. 

The five metacarpal bones, one for each digit, are the 
primary skeletal foundation of the palm (Fig. 7.7). 
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The joint between the metacarpal bone of the thumb 
(metacarpal I) and one of the carpal bones allows greater 
mobility than the limited sliding movement that occurs at 
the carpometacarpal joints of the fingers. 

Distally, the heads of metacarpals II to V (i.e., except 
that of the thumb) are interconnected by strong ligaments. 
Lack of this ligamentous connection between the metacar- 
pal bones of the thumb and index finger together with the 
biaxial saddle joint between the metacarpal bone of the 
thumb and the carpus provide the thumb with greater 
freedom of movement than the other digits of the hand. 

The bones of the digits are the phalanges (Fig. 7.7). The 
thumb has two phalanges, while each of the other digits 
has three. 

The metacarpophalangeal joints are biaxial condylar 
joints (ellipsoid joints) that allow abduction, adduction, 
flexion, extension, and circumduction (Fig. 7.8). Abduc- 
tion and adduction of the fingers is defined in reference to 
an axis passing through the center of the middle finger in 
the anatomical position. The middle finger can therefore 
abduct both medially and laterally and adduct back to the 
central axis from either side. The interphalangeal joints 
are primarily hinge joints that allow only flexion and 
extension. 


Muscles 


Some muscles of the shoulder, such as the trapezius, levator 
scapulae, and rhomboids, connect the scapula and clavicle 
to the trunk. Other muscles connect the clavicle, scapula, 
and body wall to the proximal end of the humerus. These 
include the pectoralis major, pectoralis minor, latissimus 


Extension 


\ Flexion 









Fig. 7.8 Movements of the metacarpophalangeal (A) and interphalangeal (B) joints. 
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Upper limb 





dorsi, teres major, and deltoid (Fig. 7.9A and B). The most Muscles in the arm and forearm are separated into ante- 
important of these muscles are the four rotator cuff rior (flexor) and posterior (extensor) compartments by 
muscles—the subscapularis, supraspinatus, infraspinatus, layers of fascia, bones, and ligaments (Fig. 7.10). 

and teres minor muscles—which connect the scapula to The anterior compartment of the arm lies anteriorly in 
the humerus and provide support for the glenohumeral position and is separated from muscles of the posterior 
joint (Fig. 7.9C). compartment by the humerus and by medial and lateral 
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656 Fig. 7.9 Muscles of the shoulder. A. Posterior shoulder. B. Anterior shoulder. C. Rotator cuff muscles. 
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Fig. 7.10 Muscle components in the arm and forearm. 


intermuscular septa. These intermuscular septa are con- 
tinuous with the deep fascia enclosing the arm and attach 
to the sides of the humerus. 

In the forearm, the anterior and posterior compart- 
ments are separated by a lateral intermuscular septum, 
the radius, the ulna, and an interosseous membrane, 
which joins adjacent sides of the radius and ulna (Fig. 
7.10). 

Muscles in the arm act mainly to move the forearm at 
the elbow joint, while those in the forearm function pre- 
dominantly to move the hand at the wrist joint and the 
fingers and thumb. 

Muscles found entirely in the hand, the intrinsic muscles, 
generate delicate movements of the digits of the hand and 
modify the forces produced by tendons coming into the 
fingers and thumb from the forearm. Included among the 
intrinsic muscles of the hand are three small thenar 
muscles, which form a soft tissue mound, called the thenar 
eminence, over the palmar aspect of metacarpal I. The 
thenar muscles allow the thumb to move freely relative to 
the other fingers. 
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RELATIONSHIP TO 


OTHER REGIONS 


Neck 


The upper limb is directly related to the neck. Lying on 
each side of the superior thoracic aperture at the base 
of the neck is an axillary inlet, which is formed by: 


the lateral margin of rib I; 

the posterior surface of the clavicle; 

the superior margin of the scapula; and 

the medial surface of the coracoid process of the scapula 
(Fig. 7.11). 


The major artery and vein of the upper limb pass 
between the thorax and the limb by passing over rib I and 
through the axillary inlet. Nerves, predominantly derived 
from the cervical portion of the spinal cord, also pass 
through the axillary inlet and the axilla to supply the upper 
limb. 
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Back and thoracic wall 


Muscles that attach the bones of the shoulder to the trunk 
are associated with the back and the thoracic wall and 
include the trapezius, levator scapulae, rhomboid major, 
rhomboid minor, and latissimus dorsi (Fig. 7.12). 

The breast on the anterior thoracic wall has a number 
of significant relationships with the axilla and upper limb. 
It overlies the pectoralis major muscle, which forms most 







Lateral margin of rib | 


Fig. 7.11 Relationship of the upper limb to the neck. 





of the anterior wall of the axilla and attaches the humerus 
to the chest wall (Fig. 7.13). Often, part of the breast known 
as the axillary process extends around the lateral margin 
of pectoralis major into the axilla. 

Lymphatic drainage from lateral and superior parts 
of the breast is predominantly into lymph nodes in the 
axilla. Several arteries and veins that supply or drain the 
gland also originate from, or drain into, major axillary 
vessels. 


Nerves to upper limb 
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KEY POINTS 


Innervation by cervical and upper 
thoracic nerves 


Innervation of the upper limb is by the brachial plexus, 
which is formed by the anterior rami of cervical spinal 
nerves C5 to C8, and T1 (Fig. 7.14). This plexus is initially 
formed in the neck and then continues through the axil- 
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Fig. 7.12 Muscles of the back and thoracic wall. 


lary inlet into the axilla. Major nerves that ultimately 
innervate the arm, forearm, and hand originate from the 
brachial plexus in the axilla. 

As a consequence of this innervation pattern, clinical 
testing of lower cervical and T1 nerves is carried out by 
examining dermatomes, myotomes, and tendon reflexes in 
the upper limb. Another consequence is that the clinical 
signs of problems related to lower cervical nerves—pain, 
pins and needles sensations or paresthesia, and muscle 
twitching—appear in the upper limb. 
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Fig. 7.13 Breast. 
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Upper limb 
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Fig. 7.14 Innervation of the upper limb. 


Dermatomes of the upper limb (Fig. 7.15A) are often 


tested for sensation. Areas where overlap of dermatomes 
is minimal include the: 


Brachial plexus 





abduction of the arm at the glenohumeral joint is con- 
trolled predominantly by C5; 
flexion of the forearm at the elbow joint is controlled 


primarily by C6; 
= upper lateral region of the arm for spinal cord level extension of the forearm at the elbow joint is controlled 
C5; mainly by C7; 


palmar pad of the thumb for spinal cord level C6; 

pad of the index finger for spinal cord level C7; 

pad of the little finger for spinal cord level C8; and 
skin on the medial aspect of the elbow for spinal cord 
level T1. 


flexion of the fingers is controlled mainly by C8; 
abduction and adduction of the index, middle, and ring 
fingers is controlled predominantly by T1. 


In an unconscious patient, both somatic sensory and 


motor functions of spinal cord levels can be tested using 
tendon reflexes: 


Selected joint movements are used to test myotomes 
(Fig. 7.15B): 
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= a tap on the tendon of the biceps in the cubital fossa 
tests mainly for spinal cord level C6; 

= atapon the tendon of the triceps posterior to the elbow 
tests mainly for C7. 


The major spinal cord level associated with innervation 
of the diaphragm, C4, is immediately above the spinal cord 
levels associated with the upper limb. 

Evaluation of dermatomes and myotomes in the upper 
limb can provide important information about potential 
breathing problems that might develop as complications of 
damage to the spinal cord in regions just below the C4 
spinal level. 

Each of the major muscle compartments in the arm and 
forearm and each of the intrinsic muscles of the hand is 
innervated predominantly by one of the major nerves that 
originate from the brachial plexus in the axilla (Fig. 
7.16A): 


= all muscles in the anterior compartment of the arm are 
innervated by the musculocutaneous nerve; 

= the median nerve innervates the muscles in the ante- 
rior compartment of the forearm, with two excep- 
tions—one flexor of the wrist (the flexor carpi ulnaris 
muscle) and part of one flexor of the fingers (the medial 
half of the flexor digitorum profundus muscle) are 
innervated by the ulnar nerve; 

= most intrinsic muscles of the hand are innervated by 
the ulnar nerve, except for the thenar muscles and two 
lateral lumbrical muscles, which are innervated by the 
median nerve; 
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Fig. 7.15 Dermatomes and myotomes in the upper limb. A. Dermatomes. B. Movements produced by myotomes. 
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Fig. 7.16 Nerves of upper limb. A. Major nerves in the arm and forearm. B. Anterior and posterior areas of skin innervated by major 
peripheral nerves in the arm and forearm. 
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= all muscles in the posterior compartments of the arm 
and forearm are innervated by the radial nerve. 


In addition to innervating major muscle groups, each of 
the major peripheral nerves originating from the brachial 
plexus carries somatic sensory information from patches of 
skin quite different from dermatomes (Fig. 7.16B). Sensa- 
tion in these areas can be used to test for peripheral nerve 
lesions: 


= the musculocutaneous nerve innervates skin on the 
anterolateral side of the forearm; 

= the median nerve innervates the palmar surface of the 
lateral three and one-half digits, and the ulnar nerve 
innervates the medial one and one-half digits; 

= the radial nerve supplies skin on the posterior surface 
of the forearm and the dorsolateral surface of the 
hand. 


Nerves related to bone 


Three important nerves are directly related to parts of the 
humerus (Fig. 7.17): 


= the axillary nerve, which supplies the deltoid muscle, a 
major abductor of the humerus at the glenohumeral 
joint, passes around the posterior aspect of the upper 
part of the humerus (the surgical neck); 

= the radial nerve, which supplies all of the extensor 
muscles of the upper limb, passes diagonally around the 
posterior surface of the middle of the humerus in the 
radial groove; 

= the ulnar nerve, which is ultimately destined for the 
hand, passes posteriorly to a bony protrusion, the 
medial epicondyle, on the medial side of the distal end 
of the humerus. 


Fractures of the humerus in any one of these three 
regions can endanger the related nerve. 


Superficial veins 


Large veins embedded in the superficial fascia of the upper 
limb are often used to access a patient’s vascular system 
and to withdraw blood. The most significant of these veins 
are the cephalic, basilic, and median cubital veins (Fig. 
NS). 

The cephalic and basilic veins originate from the 
dorsal venous network on the back of the hand. 

The cephalic vein originates over the anatomical snuff 
box at the base of the thumb, passes laterally around the 





distal forearm to reach the anterolateral surface of the 
limb, and then continues proximally. It crosses the elbow, 
then passes up the arm into a triangular depression—the 


clavipectoral triangle (deltopectoral triangle)— 
between the pectoralis major muscle, deltoid muscle, and 
clavicle. In this depression, the vein passes into the axilla 
by penetrating deep fascia just inferior to the clavicle. 

The basilic vein originates from the medial side of the 
dorsal venous network of the hand and passes proximally 
up the posteromedial surface of the forearm. It passes onto 
the anterior surface of the limb just inferior to the elbow 
and then continues proximally to penetrate deep fascia 
about midway up the arm. 

At the elbow, the cephalic and basilic veins are con- 
nected by the median cubital vein, which crosses the 
roof of the cubital fossa. 
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Fig. 7.17 Nerves related to the humerus. 
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Fig. 7.18 Veins in the superficial fascia of upper limb. The area of 
the cubital fossa is shown in yellow. 


Orientation of the thumb 


The thumb is positioned at right angles to the orientation 
of the index, middle, ring, and little fingers (Fig. 7.19). As 
a result, movements of the thumb occur at right angles to 
those of the other digits. For example, flexion brings the 
thumb across the palm, whereas abduction moves it away 
from the fingers at right angles to the palm. 
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Fig. 7.19 A-C. Movements of the thumb. 


Importantly, with the thumb positioned at right angles 
to the palm, only a slight rotation of metacarpal I on the 
wrist brings the pad of the thumb into a position directly 
facing the pads of the other fingers. This opposition of the 
thumb is essential for normal hand function. 


Regional anatomy 


SHOULDER 


The shoulder is the region of upper limb attachment to 
the trunk. 
The bone framework of the shoulder consists of: 


= the clavicle and scapula, which form the pectoral 
girdle (shoulder girdle); and 
= the proximal end of the humerus. 


The superficial muscles of the shoulder consist of 
the trapezius and deltoid muscles, which together form the 
smooth muscular contour over the lateral part of the 
shoulder. These muscles connect the scapula and clavicle 
to the trunk and to the arm, respectively. 


Bones 


Clavicle 


The clavicle is the only bony attachment between the 
trunk and the upper limb. It is palpable along its entire 
length and has a gentle S-shaped contour, with the 
forward-facing convex part medial and the forward- 
facing concave part lateral. The acromial (lateral) end 
of the clavicle is flat, whereas the sternal (medial) end is 
more robust and somewhat quadrangular in shape (Fig. 
7.20). 

The acromial end of the clavicle has a small oval facet 
on its surface for articulation with a similar facet on the 
medial surface of the acromion of the scapula. 

The sternal end has a much larger facet for articulation 
mainly with the manubrium of the sternum, and to a lesser 
extent, with the first costal cartilage. 

The inferior surface of the lateral third of the clavicle 
possesses a distinct tuberosity consisting of a tubercle (the 
conoid tubercle) and lateral roughening (the trapezoid 
line), for attachment of the important coracoclavicular 
ligament. 

In addition, the surfaces and margins of the clavicle are 
roughened by the attachment of muscles that connect the 
clavicle to the thorax, neck, and upper limb. The superior 
surface is smoother than the inferior surface. 
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Fig. 7.20 Right clavicle. 


Scapula 


The scapula is a large, flat triangular bone with: 


three angles (lateral, superior, and inferior); 

three borders (superior, lateral, and medial); 

two surfaces (costal and posterior); and 

three processes (acromion, spine, and coracoid process). 


(Fig. 7.21). 665 


Upper limb 





The lateral angle of the scapula is marked by a shallow, 
somewhat comma-shaped glenoid cavity, which articu- 
lates with the head of the humerus to form the glenohu- 
meral joint (Fig. 7.21B and 7.21C). 

A large triangular-shaped roughening (the infragle- 
noid tubercle) inferior to the glenoid cavity is the site of 
attachment for the long head of the triceps brachii muscle. 
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A less distinct supraglenoid tubercle is located supe- 
rior to the glenoid cavity and is the site of attachment for 
the long head of the biceps brachii muscle. 

A prominent spine subdivides the posterior surface 
of the scapula into a small, superior supraspinous fossa 
and a much larger, inferior infraspinous fossa (Fig. 
Ta JA): 
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Fig. 7.21 Scapula. A. Posterior view of right scapula. B. Anterior view of costal surface. C. Lateral view. 


The acromion, which is an anterolateral projection of 
the spine, arches over the glenohumeral joint and articu- 
lates, via a small oval facet on its distal end, with the 
clavicle. 

The region between the lateral angle of the scapula and 
the attachment of the spine to the posterior surface of the 
scapula is the greater scapular notch (spinoglenoid 
notch). 

Unlike the posterior surface, the costal surface of the 
scapula is unremarkable, being characterized by a shallow 
concave subscapular fossa over much of its extent (Fig. 
7.21B). The costal surface and margins provide for muscle 
attachment, and the costal surface, together with its related 
muscle (subscapularis), moves freely over the underlying 
thoracic wall. 

The lateral border of the scapula is strong and thick for 
muscle attachment, whereas the medial border and much 
of the superior border is thin and sharp. 

The superior border is marked on its lateral end by: 


= the coracoid process, a hook-like structure that pro- 
jects anterolaterally and is positioned directly inferior to 
the lateral part of the clavicle; and 

= the small but distinct suprascapular notch, which 
lies immediately medial to the root of the coracoid 
process. 


The spine and acromion can be readily palpated on a 
patient, as can the tip of the coracoid process, the inferior 
angle, and much of the medial border of the scapula. 


Proximal humerus 


The proximal end of the humerus consists of the head, the 
anatomical neck, the greater and lesser tubercles, the sur- 
gical neck, and the superior half of the shaft of humerus 
(Fig. 7.22). 

The head is half-spherical in shape and projects medi- 
ally and somewhat superiorly to articulate with the much 
smaller glenoid cavity of the scapula. 

The anatomical neck is very short and is formed by a 
narrow constriction immediately distal to the head. It lies 
between the head and the greater and lesser tubercles 
laterally, and between the head and the shaft more 
medially. 


Greater and lesser tubercles 


The greater and lesser tubercles are prominent land- 
marks on the proximal end of the humerus and serve as 
attachment sites for the four rotator cuff muscles of the 
glenohumeral joint. 
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Fig. 7.22 Proximal end of right humerus. 


The greater tubercle is lateral in position. Its superior 
surface and posterior surface are marked by three large 
smooth facets for muscle tendon attachment: 


= the superior facet is for attachment of the supraspinatus 
muscle; 
the middle facet is for attachment of infraspinatus; 
the inferior facet is for attachment of teres minor. 


The lesser tubercle is anterior in position and its surface 
is marked by a large smooth impression for attachment of 
the subscapularis muscle. 
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Upper limb 


A deep intertubercular sulcus (bicipital groove) 
separates the lesser and greater tubercles and continues 
inferiorly onto the proximal shaft of the humerus (Fig. 
7.22). The tendon of the long head of the biceps brachii 
passes through this sulcus. 

Roughenings on the lateral and medial lips and on the 
floor of the intertubercular sulcus mark sites for the attach- 
ment of the pectoralis major, teres major, and latissimus 
dorsi muscles, respectively. 

The lateral lip of the intertubercular sulcus is continu- 
ous inferiorly with a large V-shaped deltoid tuberosity on 
the lateral surface of the humerus midway along its length 
(Fig. 7.22), which is where the deltoid muscle inserts onto 
the humerus. 

In approximately the same position, but on the medial 
surface of the bone, there is a thin vertical roughening for 
attachment of the coracobrachialis muscle. 


Surgical neck 


One of the most important features of the proximal end of 
the humerus is the surgical neck (Fig. 7.22). This region 
is oriented in the horizontal plane between the expanded 
proximal part of the humerus (head, anatomical neck, and 
tubercles) and the narrower shaft. The axillary nerve and 
the posterior circumflex humeral artery, which pass into 
the deltoid region from the axilla, do so immediately poste- 
rior to the surgical neck. Because the surgical neck is 
weaker than more proximal regions of the bone, it is one 
of the sites where the humerus commonly fractures. The 
associated nerve (axillary) and artery (posterior circumflex 
humeral) can be damaged by fractures in this region. 


Joints 


The three joints in the shoulder complex are the sternocla- 
vicular, acromioclavicular, and glenohumeral joints. 

The sternoclavicular joint and the acromioclavicular 
joint link the two bones of the pectoral girdle to each other 
and to the trunk. The combined movements at these two 
joints enable the scapula to be positioned over a wide range 


In the clinic 


Fracture of the proximal humerus 

It is extremely rare for fractures to occur across the 
anatomical neck of the humerus because the obliquity of 
such a fracture would have to traverse the thickest region 
of bone. Typically fractures occur around the surgical neck 
of the humerus. Although the axillary nerve and posterior 


on the thoracic wall, substantially increasing “reach” by 
the upper limb. 

The glenohumeral joint (shoulder joint) is the articula- 
tion between the humerus of the arm and the scapula. 


Sternoclavicular joint 


The sternoclavicular joint occurs between the proximal 
end of the clavicle and the clavicular notch of the manu- 
brium of sternum together with a small part of the first 
costal cartilage (Fig. 7.23). Itis synovial and saddle-shaped. 
The articular cavity is completely separated into two com- 
partments by an articular disc. The sternoclavicular joint 
allows movement of the clavicle, predominantly in the 
anteroposterior and vertical planes, although some rota- 
tion also occurs. 

The sternoclavicular joint is surrounded by a joint 
capsule and is reinforced by four ligaments: 


the anterior and posterior sternoclavicular liga- 
ments are anterior and posterior, respectively, to the 
joint; 


Articular disc Clavicular notch 
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Fig. 7.23 Sternoclavicular joint. 


circumflex humeral artery may be damaged with this type 
of fracture, this rarely happens. It is important that the 
axillary nerve is tested before relocation to be sure that 
the injury has not damaged the nerve and that the 
treatment itself does not cause a neurological deficit. 


= aninterclavicular ligament links the ends of the two 
clavicles to each other and to the superior surface of the 
manubrium of sternum; 

= the costoclavicular ligament is positioned laterally 
to the joint and links the proximal end of the clavicle to 
the first rib and related costal cartilage. 


Acromioclavicular joint 


The acromioclavicular joint is a small synovial joint 
between an oval facet on the medial surface of the acro- 
mion and a similar facet on the acromial end of the clavicle 
(Fig. 7.24). It allows movement in the anteroposterior and 
vertical planes together with some axial rotation. 

The acromioclavicular joint is surrounded by a joint 
capsule and is reinforced by: 


= a small acromioclavicular ligament superior to the 


joint and passing between adjacent regions of the clav- 
icle and acromion; and 

a much larger coracoclavicular ligament, which is 
not directly related to the joint, but is an important 
strong accessory ligament, providing much of the 
weightbearing support for the upper limb on the clavi- 
cle and maintaining the position of the clavicle on the 
acromion—it spans the distance between the coracoid 
process of the scapula and the inferior surface of the 
acromial end of the clavicle and comprises an anterior 
trapezoid ligament (which attaches to the trapezoid 
line on the clavicle) and a posterior conoid ligament 
(which attaches to the related conoid tubercle). 
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Fig. 7.24 Right acromioclavicular joint. 
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Upper limb 


Glenohumeral joint 


The glenohumeral joint is a synovial ball and socket 
articulation between the head of the humerus and the 
glenoid cavity of the scapula (Fig. 7.25). It is multi-axial 
with a wide range of movements provided at the cost of 
skeletal stability. Joint stability is provided, instead, by the 
rotator cuff muscles, the long head of the biceps brachii 
muscle, related bony processes, and extracapsular liga- 
ments. Movements at the joint include flexion, extension, 
abduction, adduction, medial rotation, lateral rotation, 
and circumduction. 

The articular surfaces of the glenohumeral joint are the 
large spherical head of the humerus and the small glenoid 
cavity of the scapula (Fig. 7.25). Each of the surfaces is 
covered by hyaline cartilage. 

The glenoid cavity is deepened and expanded peripher- 
ally by a fibrocartilaginous collar (the glenoid labrum), 
which attaches to the margin of the fossa. Superiorly, this 
labrum is continuous with the tendon of the long head of 
the biceps brachii muscle, which attaches to the supragle- 
noid tubercle and passes through the articular cavity supe- 
rior to the head of the humerus. 

The synovial membrane attaches to the margins of the 
articular surfaces and lines the fibrous membrane of the 
joint capsule (Fig. 7.26). The synovial membrane is loose 
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inferiorly. This redundant region of synovial membrane 
and related fibrous membrane accommodates abduction 
of the arm. 

The synovial membrane protrudes through apertures in 
the fibrous membrane to form bursae, which lie between 
the tendons of surrounding muscles and the fibrous mem- 
brane. The most consistent of these is the subtendinous 
bursa of subscapularis, which lies between the subscap- 
ularis muscle and the fibrous membrane. The synovial 
membrane also folds around the tendon of the long head 
of the biceps brachii muscle in the joint and extends along 
the tendon as it passes into the intertubercular sulcus. All 
these synovial structures reduce friction between the 
tendons and adjacent joint capsule and bone. 

In addition to bursae that communicate with the articu- 
lar cavity through apertures in the fibrous membrane, 
other bursae are associated with the joint but are not con- 
nected to it. These occur: 


= between the acromion (or deltoid muscle) and supraspi- 
natus muscle (or joint capsule) (the subacromial or 
subdeltoid bursa); 

= between the acromion and skin; 

= between the coracoid process and the joint capsule; 
and 
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Fig. 7.25 Glenohumeral joint. A. Articular surfaces of right glenohumeral joint. B. Radiograph of a normal glenohumeral joint. 
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Fig. 7.26 Synovial membrane and joint capsule of right 
glenohumeral joint. 


= in relationship to tendons of muscles around the joint 
(coracobrachialis, teres major, long head of triceps 


brachii, and latissimus dorsi muscles). 


The fibrous membrane of the joint capsule attaches to 
the margin of the glenoid cavity, outside the attachment of 
the glenoid labrum and the long head of the biceps brachii 
muscle, and to the anatomical neck of the humerus (Fig. 


Ta 


On the humerus, the medial attachment occurs more 
inferiorly than the neck and extends onto the shaft. 
In this region, the fibrous membrane is also loose or 
folded in the anatomical position. This redundant area of 
the fibrous membrane accommodates abduction of the 


arm. 


Openings in the fibrous membrane provide continuity 
of the articular cavity with bursae that occur between the 
joint capsule and surrounding muscles and around the 
tendon of the long head of the biceps brachii muscle in 


the intertubercular sulcus. 
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Fig. 7.27 Capsule of right glenohumeral joint. 


The fibrous membrane of the joint capsule is 
thickened: 


= anterosuperiorly in three locations to form superior, 
middle, and inferior glenohumeral ligaments, 
which pass from the superomedial margin of the glenoid 
cavity to the lesser tubercle and inferiorly related ana- 
tomical neck of the humerus (Fig. 7.27); 

= superiorly between the base of the coracoid process and 
the greater tubercle of the humerus (the coracohu- 
meral ligament); 

= between the greater and lesser tubercles of the humerus 
(transverse humeral ligament)—this holds the 
tendon of the long head of the biceps brachii muscle in 
the intertubercular sulcus (Fig. 7.27). 


Joint stability is provided by surrounding muscle tendons 
and a skeletal arch formed superiorly by the coracoid 
process and acromion and the coraco-acromial ligament 
(Fig. 7.28). 
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Fig. 7.28 Lateral view of right glenohumeral joint and surrounding muscles with proximal end of humerus removed. 
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Tendons of the rotator cuff muscles (the supraspinatus, 
infraspinatus, teres minor, and subscapularis muscles) 
blend with the joint capsule and form a musculotendinous 
collar that surrounds the posterior, superior, and anterior 
aspects of the glenohumeral joint (Figs. 7.28 and 7.29). 
This cuff of muscles stabilizes and holds the head of the 
humerus in the glenoid cavity of the scapula without com- 
promising the arm’s flexibility and range of motion. The 
tendon of the long head of the biceps brachii muscle passes 
superiorly through the joint and restricts upward move- 
ment of the humeral head on the glenoid cavity. 

Vascular supply to the glenohumeral joint is predomi- 
nantly through branches of the anterior and posterior cir- 
cumflex humeral and suprascapular arteries. 

The glenohumeral joint is innervated by branches from 
the posterior cord of the brachial plexus, and from the 
suprascapular, axillary, and lateral pectoral nerves. 


Infraspinatus 
Acromion 


dl 7 
Zz 


Clavicle Supraspinatus 


Posterior Anterior 


~ 
# 


ri 





Teres minor 
Head of humerus 


Subscapularis Coracoid process 





Fig. 7.29 Magnetic resonance image (Tl-weighted) of a normal 
glenohumeral joint in the sagittal plane. Ant, anterior; Post., 
posterior. 








In the clinic 


Fractures of the clavicle and dislocations of the 
acromioclavicular and sternoclavicular joints 

The clavicle provides osseous continuity between the 
upper limb and thorax. Given its relative size and the 
potential forces that it transmits from the upper limb 

to the trunk, it is not surprising that it is often fractured. 
The typical site of fracture is the middle third (Fig. 7.30). 
The medial and lateral thirds are rarely fractured. 

The acromial end of the clavicle tends to dislocate at 
the acromioclavicular joint with trauma (Fig. 7.31). The 
outer third of the clavicle is joined to the scapula by the 
conoid and trapezoid ligaments of the coracoclavicular 
ligament. 

A minor injury tends to tear the fibrous joint capsule 
and ligaments of the acromioclavicular joint, resulting in 
acromioclavicular separation on a plain radiograph. 
More severe trauma will disrupt the conoid and 
trapezoid ligaments of the coracoclavicular ligament, 
which results in elevation and upward subluxation of 
the clavicle. 

The typical injury at the medial end of the clavicle 
is an anterior or posterior dislocation of the 
sternoclavicular joint. Importantly, a posterior 
dislocation of the clavicle may impinge on the great 
vessels of the superior mediastinum and compress or 
disrupt them. 


Fracture of clavicle 














Acromioclavicular joint 


Fig. 7.30 There is an oblique fracture of the middle third of 
the right clavicle. 
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In the clinic—cont’d 
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Fig. 7.31 Radiographs of acromioclavicular joints. A. Normal 
left acromioclavicular joint. B. Dislocated right 
acromioclavicular joint. 
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In the clinic 


Dislocations of the glenohumeral joint 

The glenohumeral joint is extremely mobile, providing a 
wide range of movement at the expense of stability. 
The relatively small bony glenoid cavity, supplemented 
by the less robust fibrocartilaginous glenoid labrum and 
the ligamentous support, make it susceptible to 
dislocation. 

Anterior dislocation (Fig. 7.32) occurs most 
frequently and is usually associated with an isolated 
traumatic incident (clinically, all anterior dislocations are 
anteroinferior). In some cases, the anterior inferior 
glenoid labrum is torn with or without a small bony 
fragment. Once the joint capsule and cartilage are 
disrupted, the joint is susceptible to further (recurrent) 
dislocations. When an anteroinferior dislocation occurs, 
the axillary nerve may be injured by direct compression 
of the humeral head on the nerve inferiorly as it passes 
through the quadrangular space. Furthermore, the 
“lengthening” effect of the humerus may stretch the 
radial nerve, which is tightly bound within the radial 
groove, and produce a radial nerve paralysis. 
Occasionally, an anteroinferior dislocation is associated 
with a fracture, which may require surgical reduction. 

Posterior dislocation is extremely rare; when seen, 
the clinician should focus on its cause, the most 
common being extremely vigorous muscle contractions, 
which may be associated with an epileptic seizure 
caused by electrocution. 
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Fig. 7.32 Radiograph showing an anteroinferior dislocation of the 
shoulder joint. 


Regional anatomy ° Shoulder 





In the clinic 


Rotator cuff disorders 

The two main disorders of the rotator cuff are 
impingement and tendinopathy. The muscle most 
commonly involved is supraspinatus as it passes 
beneath the acromion and the acromioclavicular 
ligament. This space, beneath which the supraspinatus 
tendon passes, is of fixed dimensions. Swelling of the 
supraspinatus muscle, excessive fluid within the 
subacromial/subdeltoid bursa, or subacromial bony 
spurs may produce significant impingement when the 
arm is abducted. 

The blood supply to the supraspinatus tendon 
is relatively poor. Repeated trauma, in certain 
circumstances, makes the tendon susceptible to 
degenerative change, which may result in calcium 
deposition, producing extreme pain. 

When the supraspinatus tendon has undergone 
significant degenerative change, it is further susceptible 
to trauma and partial- or full-thickness tears may 
develop (Fig. 7.33). These tears are most common in 
older patients and may result in considerable difficulty 
in carrying out normal activities of daily living such as 
combing hair. However, complete tears may be entirely 


unsymptomatic. 
Torn supraspinatus tendon 





Humeral head 


Fig. 7.33 Magnetic resonance image of a full-thickness tear of 
the supraspinatus tendon as it inserts onto the greater 
tubercle of the humerus. 


In the clinic 


Inflammation of the subacromial (subdeltoid) 
bursa 

Between the supraspinatus and deltoid muscles laterally 
and the acromion medially, there is a bursa referred to 
clinically as the subacromial or subdeltoid bursa. In 
patients who have injured their shoulder or who have 
supraspinatus tendinopathy, this bursa may become 
inflamed, making movements of the glenohumeral joint 
painful. These inflammatory changes may be treated by 
injection of a corticosteroid and local anesthetic agent 
(Fig. 7.34). 
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Fig. 7.34 Ultrasound of shoulder showing needle placement 
into the subdeltoid/subacromial bursa. 


Muscles 


The two most superficial muscles of the shoulder are the 
trapezius and deltoid muscles (Fig. 7.35 and Table 7.1). 
Together, they provide the characteristic contour of the 
shoulder: 


the trapezius attaches the scapula and clavicle to the 
trunk; 

the deltoid attaches the scapula and clavicle to the 
humerus. 


Both the trapezius and deltoid are attached to opposing 
surfaces and margins of the spine of the scapula, acromion, 
and clavicle. The scapula, acromion, and clavicle can be 
palpated between the attachments of trapezius and 
deltoid. 

Deep to the trapezius the scapula is attached to the ver- 
tebral column by three muscles—the levator scapulae, 
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Upper limb 


rhomboid minor and rhomboid major. These three muscles 
work with the trapezius (and with muscles found anteri- 
orly) to position the scapula on the trunk. 


Trapezius 


The trapezius muscle has an extensive origin from the 
axial skeleton, which includes sites on the skull and the 
vertebrae, from CI to TXII (Fig. 7.36). From CI to CVII, 
the muscle attaches to the vertebrae through the ligamen- 
tum nuchae. The muscle inserts onto the skeletal frame- 
work of the shoulder along the inner margins of a 
continuous U-shaped line of attachment oriented in the 
horizontal plane, with the bottom of the U directed later- 
ally. Together, the left and right trapezius muscles form a 
diamond or trapezoid shape, from which the name is 
derived. 

The trapezius muscle is a powerful elevator of the shoul- 
der and also rotates the scapula to extend the reach 
superiorly. 

Innervation of the trapezius muscle is by the accessory 
nerve [XI] and the anterior rami of cervical nerves C3 and 
C4 (Fig. 7.36). These nerves pass vertically along the deep 
surface of the muscle. The accessory nerve can be evalu- 
ated by testing the function of the trapezius muscle. This is 
most easily done by asking patients to shrug their shoul- 
ders against resistance. 


Deltoid 


The deltoid muscle is large and triangular in shape, with 
its base attached to the scapula and clavicle and its apex 
attached to the humerus (Fig. 7.36). It originates along a 
continuous U-shaped line of attachment to the clavicle and 
the scapula, mirroring the adjacent insertion sites of the 
trapezius muscle. It inserts into the deltoid tuberosity on 
the lateral surface of the shaft of the humerus. 

The major function of the deltoid muscle is abduction of 
the arm beyond the initial 15° accomplished by the supra- 
spinatus muscle. 

The deltoid muscle is innervated by the axillary nerve, 
which is a branch of the posterior cord of the brachial 
plexus. The axillary nerve and associated blood vessels (the 
posterior circumflex humeral artery and vein) enter the 
deltoid by passing posteriorly around the surgical neck of 
the humerus. 


Levator scapulae 


The levator scapulae originates from the transverse pro- 
cesses of CI to CIV vertebrae (Fig. 7.36). It descends later- 
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Fig. 7.35 Lateral view of trapezius and deltoid muscles. 


ally to attach to the posterior surface of the medial border 
of the scapula from the superior angle to the smooth trian- 
gular area of bone at the root of the spine. 

The levator scapulae muscle is innervated by the dorsal 
scapular nerve and directly from C3 and C4 spinal 
nerves. 

The levator scapulae elevates the scapula. 
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Fig. 7.36 Attachment and neurovascular supply of the trapezius and deltoid muscles. 


Rhomboid minor and major 


The rhomboid minor and major muscles attach medially 
to the vertebral column and descend laterally to attach to 
the medial border of the scapula inferior to the levator 
scapulae muscle (Fig. 7.36). 

The rhomboid minor originates from the lower end of 
the ligamentum nuchae and the spines of CVII and TI ver- 
tebrae. It inserts laterally into the smooth triangular area 
of bone at the root of the spine of the scapula on the poste- 
rior surface. 


The rhomboid major originates from the spines of ver- 
tebrae TII to TV and from the intervening supraspinous 
ligaments. It descends laterally to insert along the posterior 
surface of the medial border of the scapula from the inser- 
tion of the rhomboid minor to the inferior angle. 

The rhomboid muscles are innervated by the dorsal 
scapular nerve, which is a branch of the brachial plexus. 

The rhomboid minor and major retract and elevate the 
scapula. 
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Table 7.1 Muscles of the shoulder 
Muscle Origin Insertion 
Trapezius Superior nuchal line, external Superior edge of the crest of 
occipital protuberance, medial the spine of the scapula, 
margin of the ligamentum nuchae, acromion, posterior border 
spinous processes of CVII to TXII of lateral one-third of clavicle 
and the related supraspinous 
ligaments 
Deltoid Inferior edge of the crest of the Deltoid tuberosity of 
spine of the scapula, lateral margin humerus 
of the acromion, anterior border of 
lateral one-third of clavicle 
Levator Transverse processes of Cl and Cll Posterior surface of medial 
scapulae vertebrae and posterior tubercles of border of scapula from 
transverse processes of CIII and CIV superior angle to root of 
vertebrae spine of the scapula 
Rhomboid Lower end of ligamentum nuchae Posterior surface of medial 
minor and spinous processes of CVII and border of scapula at the root 
TI vertebrae of the spine of the scapula 
Rhomboid = Spinous processes of TII-TV Posterior surface of medial 
major vertebrae and intervening border of scapula from the 


supraspinous ligaments 


root of the spine of the 
scapula to the inferior angle 


Innervation 


Motor spinal part of 
accessory nerve [XI]. 
Sensory (proprioception) 
anterior rami of C3 and 
C4 


Axillary nerve [C5, C6] 


Branches directly from 
anterior rami of C3 and 
C4 spinal nerves and by 
branches [C5] from the 
dorsal scapular nerve 


Dorsal scapular nerve 
[C4, C5] 


Dorsal scapular nerve 
[C4, C5] 


Function 


Powerful elevator of the 
scapula; rotates the scapula 
during abduction of 
humerus above horizontal; 
middle fibers retract scapula; 
lower fibers depress scapula 


Major abductor of arm 
(abducts arm beyond initial 
15° done by supraspinatus); 
clavicular fibers assist in 
flexing the arm; posterior 
fibers assist in extending the 
arm 


Elevates the scapula 


Elevates and retracts the 
scapula 


Elevates and retracts the 
scapula 


POSTERIOR SCAPULAR REGION 


The posterior scapular region occupies the posterior aspect 
of the scapula and is located deep to the trapezius and 
deltoid muscles (Fig. 7.37 and Table 7.2). It contains four 
muscles, which pass between the scapula and proximal 
end of the humerus: the supraspinatus, infraspinatus, teres 
minor, and teres major muscles. 

The posterior scapular region also contains part of one 
additional muscle, the long head of the triceps brachii, 
which passes between the scapula and the proximal end of 
the forearm. This muscle, along with other muscles of the 
region and the humerus, participates in forming a number 
of spaces through which nerves and vessels enter and leave 
the region. 

The supraspinatus, infraspinatus, and teres minor 
muscles are components of the rotator cuff, which stabi- 
lizes the glenohumeral joint. 


Muscles 
Supraspinatus and infraspinatus 


The supraspinatus and infraspinatus muscles originate 
from two large fossae, one above and one below the spine, 
on the posterior surface of the scapula (Fig. 7.37). They 
form tendons that insert on the greater tubercle of the 
humerus. 


The tendon of the supraspinatus passes under the acro- 
mion, where it is separated from the bone by a subacro- 
mial bursa, passes over the glenohumeral joint, and 
inserts on the superior facet of the greater tubercle. 
The tendon of the infraspinatus passes posteriorly to the 
glenohumeral joint and inserts on the middle facet of 
the greater tubercle. 


The supraspinatus initiates abduction of the arm. The 
infraspinatus laterally rotates the humerus. 





Teres minor and teres major 


The teres minor muscle is a cord-like muscle that origi- 
nates from a flattened area of the scapula immediately 
adjacent to its lateral border below the infraglenoid tuber- 
cle (Fig. 7.37). Its tendon inserts on the inferior facet of the 
greater tubercle of the humerus. The teres minor laterally 
rotates the humerus and is a component of the rotator 
cuff. 


The teres major muscle originates from a large oval 
region on the posterior surface of the inferior angle of the 
scapula (Fig. 7.37). This broad cord-like muscle passes 
superiorly and laterally and ends as a flat tendon that 
attaches to the medial lip of the intertubercular sulcus on 
the anterior surface of the humerus. The teres major medi- 
ally rotates and extends the humerus. 


Suprascapular notch (foramen) 


Supraspinatus 
















Cut edge of trapezius 


Infraspinatu 


Triangular space 


Teres major 


Long head of triceps brachii 


Olecranon 


Fig. 7.37 Right posterior scapular region. 
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Teres minor 
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Upper limb 


Table 7.2 Muscles of the posterior scapular region (spinal segments in bold are the major segments innervating the muscle) 


Muscle 


Supraspinatus 


Infraspinatus 


Teres minor 


Teres major 


Long head of 
triceps brachii 


Origin 
Medial two-thirds of the 
supraspinous fossa of the scapula 


and the deep fascia that covers 
the muscle 


Medial two-thirds of the 
infraspinous fossa of the scapula 
and the deep fascia that covers 
the muscle 


Upper two-thirds of a flattened 
strip of bone on the posterior 
surface of the scapula 
immediately adjacent to the 
lateral border of the scapula 


Elongate oval area on the 
posterior surface of the inferior 
angle of the scapula 


Infraglenoid tubercle on scapula 


Insertion 


Most superior facet on the 
greater tubercle of the humerus 


Middle facet on posterior 
surface of the greater tubercle 
of the humerus 


Inferior facet on the posterior 
surface of the greater tubercle 
of the humerus 


Medial lip of the intertubercular 
sulcus on the anterior surface of 
the humerus 


Common tendon of insertion 
with medial and lateral heads 
on the olecranon process of 


Innervation 


Suprascapular 
nerve [C5, C6] 


Suprascapular 
nerve [C5, C6] 


Axillary nerve [C5, 
C6] 


Inferior 
subscapular 
nerve [C5, C6, C7] 


Radial nerve [C6, 
C7, C8] 


Function 


Rotator cuff muscle; initiation 
of abduction of arm to 15° at 
glenohumeral joint 


Rotator cuff muscle; lateral 
rotation of arm at the 
glenohumeral joint 


Rotator cuff muscle; lateral 
rotation of arm at the 
glenohumeral joint 


Medial rotation and extension 
of the arm at the glenohumeral 
joint 

Extension of the forearm at the 


elbow joint; accessory adductor 
and extensor of the arm at the 


ulna 


Long head of triceps brachii 


The long head of triceps brachii muscle originates from 
the infraglenoid tubercle and passes somewhat vertically 
down the arm to insert, with the medial and lateral heads 
of this muscle, on the olecranon of the ulna (Fig. 7.37). 

The triceps brachii is the primary extensor of the forearm 
at the elbow joint. Because the long head crosses the gle- 
nohumeral joint, it can also extend and adduct the 
humerus. 

The importance of the triceps brachii in the posterior 
scapular region is that its vertical course between the teres 
minor and teres major, together with these muscles and 
the humerus, forms spaces through which nerves and 
vessels pass between regions. 


glenohumeral joint 


Gateways to the posterior 
scapular region 


Suprascapular foramen 


The suprascapular foramen is the route through which 
structures pass between the base of the neck and the pos- 
terior scapular region (Fig. 7.37). It is formed by the supra- 
scapular notch of the scapula and the superior transverse 
scapular (suprascapular) ligament, which converts the 
notch into a foramen. 





The suprascapular nerve passes through the suprascap- axilla) and the posterior scapular region (Fig. 7.37). In the 
ular foramen; the suprascapular artery and the suprascap- posterior scapular region, its boundaries are formed by: 
ular vein follow the same course as the nerve, but normally 
pass immediately superior to the superior transverse scap- 
ular ligament and not through the foramen (Fig. 7.38). 


the inferior margin of the teres minor; 

the surgical neck of the humerus; 

the superior margin of the teres major; and 

the lateral margin of the long head of triceps brachii. 


Quadrangular space (from posterior) 


The quadrangular space provides a passageway for nerves 
and vessels passing between more anterior regions (the 


Suprascapular nerve 


Suprascapular artery Superior transverse scapular ligament 
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Posterior circumflex humeral artery 
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Circumflex scapular artery 
Radial nerve 


Cut edge of lateral head of triceps brachii 


Fig. 7.38 Arteries and nerves associated with gateways in the posterior scapular region. 681 





Upper limb 


The axillary nerve and the posterior circumflex humeral 
artery and vein pass through this space (Fig. 7.38). 


Triangular space 


The triangular space is an area of communication between 
the axilla and the posterior scapular region (Fig. 7.37). 
When viewed from the posterior scapular region, the tri- 
angular space is formed by: 


the medial margin of the long head of triceps brachii; 
the superior margin of the teres major; and 
the inferior margin of the teres minor. 


The circumflex scapular artery and vein pass through 
this gap (Fig. 7.38). 


Triangular interval 


The triangular interval is formed by: 


the lateral margin of the long head of triceps brachii; 
the shaft of the humerus; and 
the inferior margin of the teres major (Fig. 7.37). 


Because this space is below the inferior margin of the 
teres major, which defines the inferior boundary of the 
axilla, the triangular interval serves as a passageway 
between the anterior and posterior compartments of the 
arm and between the posterior compartment of the arm 
and the axilla. The radial nerve, the profunda brachii 
artery (deep artery of arm), and associated veins pass 
through it (Fig. 7.38). 


Nerves 


The two major nerves of the posterior scapular region 
are the suprascapular and axillary nerves, both of which 
originate from the brachial plexus in the axilla (Fig. 
7.38). 


Suprascapular nerve 


The suprascapular nerve originates in the base of the 
neck from the superior trunk of the brachial plexus. It 
passes posterolaterally from its origin, through the supra- 
scapular foramen to reach the posterior scapular region, 
where it lies in the plane between bone and muscle (Fig. 
7.38). 

It innervates the supraspinatus muscle, then passes 
through the greater scapular (spinoglenoid) notch, between 
the root of the spine of the scapula and the glenoid cavity, 
to terminate in and innervate the infraspinatus muscle. 

Generally, the suprascapular nerve has no cutaneous 
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Axillary nerve 


The axillary nerve originates from the posterior cord 
of the brachial plexus. It exits the axilla by passing through 
the quadrangular space in the posterior wall of the axilla, 
and enters the posterior scapular region (Fig. 7.38). 
Together with the posterior circumflex humeral artery and 
vein, it is directly related to the posterior surface of the 
surgical neck of the humerus. 

The axillary nerve innervates the deltoid and teres 
minor muscles. In addition, it has a cutaneous branch, the 
superior lateral cutaneous nerve of the arm, which carries 
general sensation from the skin over the inferior part of the 
deltoid muscle. 


Arteries and veins 


Three major arteries are found in the posterior scapular 
region: the suprascapular, posterior circumflex humeral, 
and circumflex scapular arteries. These arteries contribute 
to an interconnected vascular network around the scapula 
(Fig. 7.39). 


In the clinic 


Quadrangular space syndrome 

Hypertrophy of the quadrangular space muscles or 
fibrosis of the muscle edges may impinge on the axillary 
nerve. Uncommonly, this produces weakness of the 
deltoid muscle. Typically it produces atrophy of the 
teres minor muscle, which may affect the control that 
the rotator cuff muscles exert upon shoulder 
movement. 


Suprascapular artery 


The suprascapular artery originates in the base of the 
neck as a branch of the thyrocervical trunk, which in turn, 
is a major branch of the subclavian artery (Figs. 7.38 and 
7.39). The vessel may also originate directly from the third 
part of the subclavian artery. 

The suprascapular artery normally enters the posterior 
scapular region superior to the suprascapular foramen, 
whereas the nerve passes through the foramen. In the pos- 
terior scapular region, the vessel runs with the suprascap- 
ular nerve. 

In addition to supplying the supraspinatus and infraspi- 
natus muscles, the suprascapular artery contributes 
branches to numerous structures along its course. 


Rib | 







Right common carotid artery 


Thyrocervical trunk 


Right subclavian artery 


Axillary artery 


Deep branch of transverse 
cervical artery 


Fig. 7.39 Arterial anastomoses around the shoulder. 


Posterior circumflex humeral artery 


The posterior circumflex humeral artery originates 
from the third part of the axillary artery in the axilla (Fig. 
To?) 

The posterior circumflex humeral artery and axillary 
nerve leave the axilla through the quadrangular space in 
the posterior wall and enter the posterior scapular region. 
The vessel supplies the related muscles and the glenohu- 
meral joint. 


Transverse cervical artery 


Suprascapular artery 


Clavicle 


_—s 
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Subscapular artery 


P e = 


Anterior circumflex 
humeral artery 


Posterior circumflex 
humeral artery 


Circumflex scapular artery 


Profunda brachii artery 


Brachial artery 


Circumflex scapular artery 


The circumflex scapular artery is a branch of the sub- 
scapular artery that also originates from the third part of 
the axillary artery in the axilla (Fig. 7.39). The circumflex 
scapular artery leaves the axilla through the triangular 
space and enters the posterior scapular region, passes 
through the origin of the teres minor muscle and forms 
anastomotic connections with other arteries in the 
region. 
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Veins 


Veins in the posterior scapular region generally follow the 
arteries and connect with vessels in the neck, back, arm, 
and axilla. 


AXILLA 


The axilla is the gateway to the upper limb, providing an 
area of transition between the neck and the arm (Fig. 
7.40A). Formed by the clavicle, the scapula, the upper tho- 
racic wall, the humerus, and related muscles, the axilla is 
an irregularly shaped pyramidal space with: 


Middle scalene muscle 


Anterior scalene muscle 


Lateral margin of rib | 


Coracoid process 


Medial wall 
Lateral wall 
Anterior wall 


Posterior wall 


Fig. 7.40 Axilla. A. Walls and transition between neck and arm. 


Clavicle 


= four sides; 
= an inlet; and 
= a floor (base) (Fig. 7.40A and 7.40B). 


The axillary inlet is continuous superiorly with the 
neck, and the lateral part of the floor opens into the arm. 

All major structures passing into and out of the upper 
limb pass through the axilla (Fig. 7.40C). Apertures formed 
between muscles in the anterior and posterior walls enable 
structures to pass between the axilla and immediately 
adjacent regions (the posterior scapular, pectoral, and 
deltoid regions). 
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B Inlet 
e lateral margin of rib | 
e clavicle 
e superior margin of 
scapula to coracoid process 


e pectoralis major and 
minor muscles 

e subclavius muscle 

e clavipectoral fascia 


Anterior wall 


Lateral wall 
e jintertubercular 
sulcus 


Posterior wall 
e subscapularis, 
teres major and 
latissimus dorsi 
muscles, and 
long head of triceps 
brachii muscle 


Floor 
e skin of armpit 


Fig. 7.40, cont’d Axilla. B. Boundaries. C. Continuity with the arm. 


Axillary inlet 


The axillary inlet is oriented in the horizontal plane and is 
somewhat triangular in shape, with its apex directed later- 
ally (Fig. 7.40A and 7.40B). The margins of the inlet are 
completely formed by bone: 


= the medial margin is the lateral border of rib I; 

= the anterior margin is the posterior surface of the 
clavicle; 

= the posterior margin is the superior border of the scapula 
up to the coracoid process. 


The apex of the triangularly shaped axillary inlet is 
lateral in position and is formed by the medial aspect of the 
coracoid process. 












Medial wall 
e upper thoracic wall 
e serratus anterior muscle 


Axilla 


e open laterally into arm 


Skin of arm 


Axillary sheath 
surrounding 
arteries, veins, 
nerves, and 

C lymphatics 








Inlet 
Apex of inlet 


Skin on floor of axilla 


Major vessels and nerves pass between the neck and the 
axilla by crossing over the lateral border ofrib I and through 
the axillary inlet (Fig. 7.40A). 

The subclavian artery, the major blood vessel supplying 
the upper limb, becomes the axillary artery as it crosses the 
lateral margin of rib I and enters the axilla. Similarly, the 
axillary vein becomes the subclavian vein as it passes over 
the lateral margin of rib I and leaves the axilla to enter the 
neck. 

At the axillary inlet, the axillary vein is anterior to the 
axillary artery, which, in turn, is anterior to the trunks of 
the brachial plexus. 

The inferior trunk (lower trunk) of the brachial plexus 
lies directly on rib I in the neck, as does the subclavian 
artery and vein. As they pass over rib I, the vein and artery 
are separated by the insertion of the anterior scalene 
muscle (Fig. 7.40A). 
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Anterior wall Pectoralis major 


The anterior wall of the axilla is formed by the lateral part The pectoralis major muscle is the largest and most 

of the pectoralis major muscle, the underlying pectoralis superficial muscle of the anterior wall (Fig. 7.41). Its infe- 

minor and subclavius muscles, and the clavipectoral fascia rior margin underlies the anterior axillary fold, which 

(Table 7.3). marks the anteroinferior border of the axilla. The muscle 
has two heads: 


Table 7.3 Muscles of the anterior wall of the axilla (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion Innervation Function 

Pectoralis Clavicular head—anterior surface of Lateral lip of Medial and lateral Flexion, adduction, and medial 

major medial half of clavicle; sternocostal intertubercular sulcus pectoral nerves; rotation of arm at glenohumeral 
head—anterior surface of sternum; first of humerus clavicular head [C5, joint; clavicular head—flexion of 
seven costal cartilages; sternal end of C6]; sternocostal extended arm; sternocostal head— 
sixth rib; aponeurosis of external head [C6, C7, C8, T1] extension of flexed arm 
oblique 

Subclavius First rib at junction between rib and Groove on inferior Nerve to subclavius Pulls tip of shoulder down; pulls 
costal cartilage surface of middle one- [C5, C6] clavicle medially to stabilize 

third of clavicle sternoclavicular joint 
Pectoralis Anterior surfaces and superior borders Coracoid process of Medial pectoral nerve Pulls tip of shoulder down; 
minor of ribs Ill to V; and from deep fascia scapula (medial border [C5, C6, C7, C8, T1] protracts scapula 


overlying the related intercostal spaces and upper surface) 


Clavipectoral triangle 






Cephalic vein 


Clavicular head 


Deltoid 


Pectoralis major 


Sternocostal part 
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Fig. 7.41 Pectoralis major muscle. 


= the clavicular head originates from the medial half of 
the clavicle; 

= the sternocostal head originates from the medial part of 
the anterior thoracic wall—often fibers from this head 
continue inferiorly and medially to attach to the ante- 
rior abdominal wall, forming an additional abdominal 
part of the muscle. 


The muscle inserts into the lateral lip of the intertuber- 
cular sulcus of the humerus. The parts of the muscle that 
have a superior origin on the trunk insert lower and more 
anteriorly on the lateral lip of the intertubercular sulcus 
than the parts of the muscle that originate inferiorly. 

Acting together, the two heads of the pectoralis major 
flex, adduct, and medially rotate the arm at the glenohu- 





Pectoral branch of thoraco-acromial artery 


Lateral pectoral nerve 
Pectoralis minor 


Clavipectoral fascia 


Pectoralis major 


Medial pectoral 
nerves 


Attachment of fascia 
to floor of axilla 


Cephalic vein 





meral joint. The clavicular head flexes the arm from an 
extended position, whereas the sternocostal head extends 
the arm from a flexed position, particularly against 
resistance. 

The pectoralis major is innervated by the lateral and 
medial pectoral nerves, which originate from the brachial 
plexus in the axilla. 


Subclavius 


The subclavius muscle is a small muscle that lies deep to 
the pectoralis major muscle and passes between the clavi- 
cle and rib I (Fig. 7.42). It originates medially, as a tendon, 
from rib I at the junction between the rib and its costal 
cartilage. It passes laterally and superiorly to insert via a 


Subclavius 















Pectoralis major 






Fig. 7.42 Pectoralis minor and subclavius muscles and clavipectoral fascia. 





Upper limb 


muscular attachment into an elongate shallow groove on 
the inferior surface of the middle third of the clavicle. 

The function of the subclavius is not entirely clear, but 
it may act to pull the shoulder down by depressing the 
clavicle and may also stabilize the sternoclavicular joint by 
pulling the clavicle medially. 

The subclavius muscle is innervated by a small branch 
from the superior trunk of the brachial plexus. 


Pectoralis minor 


The pectoralis minor muscle is a small triangular-shaped 
muscle that lies deep to the pectoralis major muscle and 
passes from the thoracic wall to the coracoid process of the 
scapula (Fig. 7.42). It originates as three muscular slips 
from the anterior surfaces and upper margins of ribs III to 
V and from the fascia overlying muscles of the related 
intercostal spaces. The muscle fibers pass superiorly and 
laterally to insert into the medial and upper aspects of the 
coracoid process. 

The pectoralis minor muscle protracts the scapula (by 
pulling the scapula anteriorly on the thoracic wall) and 
depresses the lateral angle of the scapula. 

The pectoralis minor is innervated by the medial pecto- 
ral nerve, which originates from the brachial plexus in the 
axilla. 


Clavipectoral fascia 


The clavipectoral fascia is a thick sheet of connective tissue 
that connects the clavicle to the floor of the axilla (Fig. 
7.42). It encloses the subclavius and pectoralis minor 
muscles and spans the gap between them. 


Structures travel between the axilla and the anterior 
wall of the axilla by passing through the clavipectoral 
fascia either between the pectoralis minor and subclavius 
muscles or inferior to the pectoralis minor muscle. 

Important structures that pass between the subclavius 
and pectoralis minor muscles include the cephalic vein, the 
thoraco-acromial artery, and the lateral pectoral nerve. 

The lateral thoracic artery leaves the axilla by passing 
through the fascia inferior to the pectoralis minor muscle. 

The medial pectoral nerve leaves the axilla by penetrat- 
ing directly through the pectoralis minor muscle to supply 
this muscle and to reach the pectoralis major muscle. 
Occasionally, branches of the medial pectoral nerve pass 
around the lower margin of the pectoralis minor to reach 
and innervate the overlying pectoralis major muscle. 


Medial wall 


The medial wall of the axilla consists of the upper thoracic 
wall (the ribs and related intercostal tissues) and the ser- 
ratus anterior muscle (Fig. 7.43 and Table 7.4, and see 
Fig. 7.40). 


Serratus anterior 


The serratus anterior muscle originates as a number of 
muscular slips from the lateral surfaces of ribs I to IX and 
the intervening deep fascia overlying the related intercos- 
tal spaces (Fig. 7.43). The muscle forms a flattened sheet, 
which passes posteriorly around the thoracic wall to insert 
primarily on the costal surface of the medial border of the 
scapula. 


Table 7.4 Muscles of the medial wall of the axilla (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 


Serratus anterior Lateral surfaces of upper 8-9 
ribs and deep fascia overlying 


the related intercostal spaces 


Costal surface of medial 
border of scapula 


Innervation Function 


Long thoracic nerve 
[C5, C6, C7] 


Protraction and rotation of the scapula; 
keeps medial border and inferior angle 
of scapula opposed to thoracic wall 





Lateral angle of 
scapula pulled 
posterolaterally 
away from the 
thoracic wall 


Intercostobrachial nerve 
(lateral cutaneous 
branch of T2) 


Serratus anterior 


Serratus anterior 


Long thoracic nerve 


Serratus anterior 


Long thoracic nerve 





Fig. 7.43 Medial wall of the axilla. A. Lateral view. B. Lateral view with lateral angle of scapula retracted posteriorly. C. Anterior view. 


The serratus anterior pulls the scapula forward over the 
thoracic wall and facilitates scapular rotation. It also keeps 
the costal surface of the scapula closely opposed to the 
thoracic wall. 

The serratus anterior is innervated by the long thoracic 
nerve, which is derived from the roots of the brachial 
plexus, passes through the axilla along the medial wall, 
and passes vertically down the serratus anterior muscle 
on its external surface, just deep to skin and superficial 
fascia. 


Intercostobrachial nerve 


The only major structure that passes directly through the 
medial wall and into the axilla is the intercostobrachial 
nerve (Fig. 7.43). This nerve is the lateral cutaneous 
branch of the second intercostal nerve (anterior ramus of 
T2). It communicates with a branch of the brachial plexus 
(the medial cutaneous nerve of the arm) in the axilla and 
supplies skin on the upper posteromedial side of the arm, 
which is part of the T2 dermatome. 
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In the clinic 





Damage to the long thoracic nerve 

Because the long thoracic nerve passes down the lateral 
thoracic wall on the external surface of the serratus 
anterior muscle, just deep to skin and subcutaneous 
fascia, it is vulnerable to damage. Loss of function of 
this muscle causes the medial border, and particularly 
the inferior angle, of the scapula to elevate away 

from the thoracic wall, resulting in characteristic 
“winging” of the scapula, on pushing forward with the 
arm. Furthermore, normal elevation at the arm is no 
longer possible. 


Intertubercular sulcus a q ~ 
i 







Pectoralis 
major 


Teres major 






Lateral wall 


The lateral wall of the axilla is narrow and formed entirely 
by the intertubercular sulcus of the humerus (Fig. 7.44). 
The pectoralis major muscle of the anterior wall attaches 
to the lateral lip of the intertubercular sulcus. The latissi- 
mus dorsi and teres major muscles of the posterior wall 
attach to the floor and medial lip of the intertubercular 
sulcus, respectively (Table 7.5). 


Latissimus dorsi 


Fig. 7.44 Lateral wall of the axilla. 


Table 7.5 Muscles of the lateral and posterior wall of the axilla (spinal segments in bold are the major segments innervating the 
muscle; spinal segments enclosed in parentheses do not consistently innervate the muscle) 


Muscle Origin Insertion Innervation Function 


Rotator cuff muscle; medial 


rotation of the arm at the 
glenohumeral joint 


Lesser tubercle of 
humerus 


Upper and lower 
subscapular nerves 
[C5, C6, (C7)] 


Medial two-thirds of subscapular 
fossa 


Subscapularis 


Medial rotation and extension of 
the arm at the glenohumeral 
joint 


Medial lip of the 
intertubercular sulcus on 
the anterior surface of 
the humerus 


Lower subscapular 
nerve [C5, C6, C7] 


Teres major Elongate oval area on the posterior 
surface of the inferior angle of the 


scapula 


Adduction, medial rotation, and 
extension of the arm at the 
glenohumeral joint 


Thoracodorsal 
nerve [C6, C7, C8] 


Floor of intertubercular 
sulcus 


Spinous processes of lower six 
thoracic vertebrae and related 
interspinous ligaments; via the 
thoracolumbar fascia to the spinous 
processes of the lumbar vertebrae, 
related interspinous ligaments, and 
iliac crest; lower 3-4 ribs 


Latissimus dorsi 
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Long head of 
triceps brachii 


Infraglenoid tubercle on scapula 


Common tendon of 
insertion with medial and 
lateral heads on the 
olecranon process of ulna 


Radial nerve [C6, 
C7, C8] 


Extension of the forearm at the 
elbow joint; accessory adductor 
and extensor of the arm at the 
glenohumeral joint 


Posterior wall 


The posterior wall of the axilla is complex (Fig. 7.45 and 
see Fig. 7.50). Its bone framework is formed by the costal 
surface of the scapula. Muscles of the wall are: 


= the subscapularis muscle (associated with the costal 
surface of the scapula); 

= the distal parts of the latissimus dorsi and teres major 
muscles (which pass into the wall from the back and 
posterior scapular region); and 

= the proximal part of the long head of the triceps brachii 
muscle (which passes vertically down the wall and into 
the arm). 


Gaps between the muscles of the posterior wall form 
apertures through which structures pass between the 







Quadrangular space 

e axillary nerve 

e posterior circumflex humeral 
artery and vein 


Triangular interval 
e radial nerve 
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Fig. 7.45 Posterior wall of the axilla. 





axilla, posterior scapular region, and posterior compart- 
ment of the arm. 


Subscapularis 


The subscapularis muscle forms the largest component 
of the posterior wall of the axilla. It originates from, and 
fills, the subscapular fossa and inserts on the lesser tubercle 
of the humerus (Figs. 7.45 and 7.46). The tendon crosses 
immediately anterior to the joint capsule of the glenohu- 
meral joint. 

Together with three muscles of the posterior scapular 
region (the supraspinatus, infraspinatus, and teres minor 
muscles), the subscapularis is a member of the rotator cuff 
muscles, which stabilize the glenohumeral joint. 


Suprascapular foramen 
e suprascapular nerve 


Subscapularis 


Triangular space 
e circumflex scapular artery 


Teres major 


Latissimus dorsi 
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Biceps tendon in intertubercular sulcus 


Head of humerus 
Anterior 


Glenoid cavity 


Subscapularis 


~ 





Posterior 


Glenoid labrum 


Teres minor and infraspinatus muscles 


Fig. 7.46 Magnetic resonance image of the glenohumeral joint in 
the transverse or horizontal plane. 


Subscapularis is innervated by branches of the brachial 
plexus (the superior and inferior subscapular nerves), 
which originate in the axilla. 


Teres major and latissimus dorsi 


The inferolateral aspect of the posterior wall of the axilla is 
formed by the terminal part of the teres major muscle and 
the tendon of the latissimus dorsi muscle (Fig. 7.45). 
These two structures lie under the posterior axillary fold, 
which marks the posteroinferior border of the axilla. 

The flat tendon of the latissimus dorsi muscle curves 
around the inferior margin of the teres major muscle on 
the posterior wall to insert into the floor of the intertuber- 
cular sulcus of the humerus, anterior to and slightly above 
the most distal attachment of the teres major muscle to the 
medial lip of the intertubercular sulcus. As a consequence, 
the inferior margin of the teres major muscle defines the 
inferior limit of the axilla laterally. 


The axillary artery becomes the brachial artery of the 
arm as it crosses the inferior margin of the teres major 
muscle. 


Long head of the triceps brachii 


The long head of the triceps brachii muscle passes ver- 
tically through the posterior wall of the axilla, and, together 
with surrounding muscles and adjacent bones, results in 
the formation of three apertures through which major 
structures pass through the posterior wall: 


= the quadrangular space; 
the triangular space; 
the triangular interval (Fig. 7.45). 


Gateways in the posterior wall 


(See also “Gateways to the posterior scapular region” and 
Figs. 7.37 and 7.38, pp. 681-684.) 


Quadrangular space 


The quadrangular space provides a passageway for nerves 
and vessels passing between the axilla and the more poste- 
rior scapular and deltoid regions (Fig. 7.45). When viewed 
from anteriorly, its boundaries are formed by: 


the inferior margin of the subscapularis muscle; 

= the surgical neck of the humerus; 

= the superior margin of the teres major muscle; and 

= the lateral margin of the long head of the triceps brachii 
muscle. 


Passing through the quadrangular space are the axil- 
lary nerve and the posterior circumflex humeral artery and 
vein. 


Triangular space 


The triangular space is an area of communication 
between the axilla and the posterior scapular region 
(Fig. 7.45). When viewed from anteriorly, it is formed by: 


= the medial margin of the long head of the triceps brachii 
muscle; 

the superior margin of the teres major muscle; and 
the inferior margin of the subscapularis muscle. 


The circumflex scapular artery and vein pass into this 
space. 


Triangular interval 


This triangular interval is formed by: 


= the lateral margin of the long head of the triceps brachii 
muscle; 

= the shaft of the humerus; and 
the inferior margin of the teres major muscle 
(Fig. 7.45). 


The radial nerve passes out of the axilla traveling 
through this interval to reach the posterior compartment 
of the arm. 


Floor 


The floor of the axilla is formed by fascia and a dome of skin 
that spans the distance between the inferior margins of the 
walls (Fig. 7.47 and see Fig. 7.40B). It is supported by the 
clavipectoral fascia. On a patient, the anterior axillary fold 
is more superior in position than is the posterior axillary 
fold. 

Inferiorly, structures pass into and out of the axilla 
immediately lateral to the floor where the anterior and 
posterior walls of the axilla converge and where the axilla 
is continuous with the anterior compartment of the arm. 


Contents of the axilla 


Passing through the axilla are the major vessels, nerves, 
and lymphatics of the upper limb. The space also contains 





the proximal parts of two muscles of the arm, the axillary 
process of the breast, and collections of lymph nodes, which 
drain the upper limb and chest wall. 

The proximal parts of the biceps brachii and coracobra- 
chialis muscles pass through the axilla (Table 7.6). 






Axillary sheath 





Arm 


Posterior axillary 
skin fold 


Dome of skin on 
floor of axilla 


Anterior axillary skin fold 


Fig. 7.47 Floor of the axilla. 


Table 7.6 Muscles having parts that pass through the axilla (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion Innervation Function 
Biceps brachii Long head—supraglenoid Tuberosity of radius Musculocutaneous Powerful flexor of the forearm at the 
tubercle of scapula; short nerve [C5, C6] elbow joint and supinator of the 


head—apex of coracoid process 


forearm; accessory flexor of the arm at 
the glenohumeral joint 


Coracobrachialis Apex of coracoid process Linear roughening on Musculocutaneous Flexor of the arm at the glenohumeral 
midshaft of humerus nerve [C5, C6, C7] joint; adducts arm 


on medial side 
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Upper limb 


Biceps brachii 
The biceps brachii muscle originates as two heads (Fig. 
7.48): 


= the short head originates from the apex of the coracoid 
process of the scapula and passes vertically through the 
axilla and into the arm where it joins the long head; 

= the long head originates as a tendon from the supragle- 
noid tubercle of the scapula, passes over the head of the 
humerus deep to the joint capsule of the glenohumeral 
joint, and enters the intertubercular sulcus where it is 
held in position by a ligament, the transverse humeral 
ligament, which spans the distance between the greater 
and lesser tubercles; the tendon passes through the 
axilla in the intertubercular sulcus and forms a muscle 
belly in the proximal part of the arm. 






Transverse humeral ligament 
Long head of biceps brachii 


Short head of biceps brachii 
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Fig. 7.48 Contents of the axilla: muscles. 


The long and short heads of the muscle join in distal 
regions of the arm and primarily insert as a single tendon 
into the radial tuberosity in the forearm. 

The biceps brachii muscle is primarily a powerful flexor 
of the forearm at the elbow joint and a powerful supinator 
in the forearm. Because both heads originate from the 
scapula, the muscle also acts as an accessory flexor of the 
arm at the glenohumeral joint. In addition, the long head 
prevents superior movement of the humerus on the glenoid 
cavity. 

The biceps brachii muscle is innervated by the muscu- 
locutaneous nerve. 


Coracobrachialis 


The coracobrachialis muscle, together with the short 
head of the biceps brachii muscle, originates from the apex 
of the coracoid process (Fig. 7.48). It passes vertically 


Coracobrachialis 


Bicipital aponeurosis 


through the axilla to insert on a small linear roughening 
on the medial aspect of the humerus, approximately 
midshatft. 

The coracobrachialis muscle flexes the arm at the gle- 
nohumeral joint. 

In the axilla, the medial surface of the coracobrachialis 
muscle is pierced by the musculocutaneous nerve, which 
innervates and then passes through the muscle to enter the 
arm. 







1st part 





Axillary artery 


2nd part 


Lower border of teres major 


Pectoralis minor 


Brachial artery 


Fig. 7.49 Contents of the axilla: the axillary artery. 


Lateral margin of rib | 


Axillary artery 


The axillary artery supplies the walls of the axilla and 
related regions, and continues as the major blood supply 
to the more distal parts of the upper limb (Fig. 7.49). 

The subclavian artery in the neck becomes the axillary 
artery at the lateral margin of rib I and passes through the 
axilla, becoming the brachial artery at the inferior margin 
of the teres major muscle. 

The axillary artery is separated into three parts by the 
pectoralis minor muscle, which crosses anteriorly to the 
vessel (Fig. 7.49): 


Subclavius 


Subclavian artery 
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Upper limb 





the first part is proximal to pectoralis minor; 
the second part is posterior to pectoralis minor; 
the third part is distal to pectoralis minor. 


Superior thoracic artery 


The superior thoracic artery is small and originates from 
the anterior surface of the first part of the axillary artery 
(Fig. 7.50). It supplies upper regions of the medial and 


Generally, six branches arise from the axillary artery: 
anterior axillary walls. 


= one branch, the superior thoracic artery, originates 
from the first part; ; 
= two branches, the thoraco-acromial artery and the Thoraco-acromial artery 


lateral thoracic artery, originate from the second The thoraco-acromial artery is short and originates from 


the anterior surface of the second part of the axillary artery 
just posterior to the medial (superior) margin of the pecto- 
ralis minor muscle (Fig. 7.50). It curves around the supe- 
rior margin of the muscle, penetrates the clavipectoral 


part; 

= three branches, the subscapular artery, the anterior 
circumflex humeral artery, and the posterior cir- 
cumflex humeral artery, originate from the third 


part (Fig. 7.50). 


Subclavius Pectoralis minor 
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Profunda brachii artery 
(triangular interval) 


Lateral thoracic artery 


Long head of triceps brachii 


Fig. 7.50 Branches of the axillary artery. 
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fascia, and immediately divides into four branches—the 
pectoral, deltoid, clavicular, and acromial branches, which 
supply the anterior axillary wall and related regions. 

Additionally, the pectoral branch contributes vascular 
supply to the breast, and the deltoid branch passes into the 
clavipectoral triangle where it accompanies the cephalic 
vein and supplies adjacent structures (see Fig. 7.41). 


Lateral thoracic artery 


The lateral thoracic artery arises from the anterior surface 
of the second part of the axillary artery posterior to the 
lateral (inferior) margin of pectoralis minor (Fig. 7.50). It 
follows the margin of the muscle to the thoracic wall and 
supplies the medial and anterior walls of the axilla. In 
women, branches emerge from around the inferior margin 
of the pectoralis major muscle and contribute to the vas- 
cular supply of the breast. 


Subscapular artery 


The subscapular artery is the largest branch of the axillary 
artery and is the major blood supply to the posterior wall 
of the axilla (Fig. 7.50). It also contributes to the blood 
supply of the posterior scapular region. 

The subscapular artery originates from the posterior 
surface of the third part of the axillary artery, follows the 
inferior margin of the subscapularis muscle for a short 
distance, then divides into its two terminal branches, the 
circumflex scapular artery and the thoracodorsal 
artery. 


The circumflex scapular artery passes through the tri- 
angular space between the subscapularis, teres major, 
and long head of the triceps muscles. Posteriorly, it 
passes inferior to, or pierces, the origin of the teres 
minor muscle to enter the infraspinous fossa. It anasto- 
moses with the suprascapular artery and the deep 
branch (dorsal scapular artery) of the transverse 
cervical artery, thereby contributing to an anastomotic 
network of vessels around the scapula. 

The thoracodorsal artery approximately follows the 
lateral border of the scapula to the inferior angle. It 
contributes to the vascular supply of the posterior and 
medial walls of the axilla. 


Anterior circumflex humeral artery 


The anterior circumflex humeral artery is small com- 
pared to the posterior circumflex humeral artery, and 
originates from the lateral side of the third part of the axil- 
lary artery (Fig. 7.50). It passes anterior to the surgical 
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neck of the humerus and anastomoses with the posterior 
circumflex humeral artery. 

This anterior circumflex humeral artery supplies 
branches to surrounding tissues, which include the gleno- 
humeral joint and the head of the humerus. 


Posterior circumflex humeral artery 


The posterior circumflex humeral artery originates 
from the lateral surface of the third part of the axillary 
artery immediately posterior to the origin of the anterior 
circumflex humeral artery (Fig. 7.50). With the axillary 
nerve, it leaves the axilla by passing through the quadran- 
gular space between the teres major, teres minor, and the 
long head of the triceps brachii muscle and the surgical 
neck of the humerus. 

The posterior circumflex humeral artery curves around 
the surgical neck of the humerus and supplies the sur- 
rounding muscles and the glenohumeral joint. It anasto- 
moses with the anterior circumflex humeral artery, and 
with branches from the profunda brachii, suprascapular, 
and thoraco-acromial arteries. 


Axillary vein 


The axillary vein begins at the lower margin of the teres 
major muscle and is the continuation of the basilic vein 
(Fig. 7.51), which is a superficial vein that drains the pos- 
teromedial surface of the hand and forearm and penetrates 
the deep fascia in the middle of the arm. 

The axillary vein passes through the axilla medial and 
anterior to the axillary artery and becomes the subclavian 
vein as the vessel crosses the lateral border of rib I at the 
axillary inlet. Tributaries of the axillary vein generally 
follow the branches of the axillary artery. Other tributaries 
include brachial veins that follow the brachial artery, and 
the cephalic vein. 

The cephalic vein is a superficial vein that drains the 
lateral and posterior parts of the hand, the forearm, and 
the arm. In the area of the shoulder, it passes into an 
inverted triangular cleft (the clavipectoral triangle) 
between the deltoid muscle, pectoralis major muscle, and 
the clavicle. In the superior part of the clavipectoral trian- 
gle, the cephalic vein passes deep to the clavicular head of 
the pectoralis major muscle and pierces the clavipectoral 
fascia to join the axillary vein. Many patients who are criti- 
cally unwell have lost blood or fluid, which requires 
replacement. Access to a peripheral vein is necessary to 
replace the fluid. The typical sites for venous access are the 
cephalic vein adjacent to the anatomical snuffbox or the 
antecubital veins, which lie within the superficial tissues of 
the cubital fossa. 
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Upper limb 
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Fig. 7.51 Axillary vein. 


In the clinic 


Imaging the blood supply to the upper limb 
When there is clinical evidence of vascular compromise to 
the upper limb, or vessels are needed to form an 


arteriovenous fistula (which is necessary for renal dialysis), 


imaging is required to assess the vessels. 

Ultrasound is a useful tool for carrying out a 
noninvasive assessment of the vessels of the upper limb 
from the third part of the subclavian artery to the deep 
and superficial palmar arteries. Blood flow can be 
quantified and anatomical variants can be noted. 








J og 
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Angiography is carried out in certain cases. The femoral 
artery is punctured below the inguinal ligament and a 
long catheter is placed through the iliac arteries and 
around the arch of the aorta to enter either the left 
subclavian artery or the brachiocephalic trunk and then 
the right subclavian artery. Radiopaque contrast agents 
are injected into the vessel and radiographs are obtained 
as the contrast agents pass first through the arteries, then 
the capillaries, and finally the veins. 


In the clinic 


Trauma to the arteries of the upper limb 

The arterial supply to the upper limb is particularly 
susceptible to trauma in places where it is relatively fixed 
or in a subcutaneous position. 


Fracture of rib l 

As the subclavian artery passes out of the neck and into 
the axilla, it is fixed in position by the surrounding 
muscles to the superior surface of rib I. A rapid 
deceleration injury involving upper thoracic trauma may 
cause a first rib fracture, which may significantly 
compromise the distal part of the subclavian artery or the 
first part of the axillary artery. Fortunately, there are 
anastomotic connections between branches of the 
subclavian artery and the axillary artery, which form a 


In the clinic 


Subclavian pinch-off syndrome 

There are a number of routes through which central 
venous access may be obtained. The “subclavian route” 
and the jugular routes are commonly used by clinicians. 
The subclavian route is a misnomer that remains the 
preferred term in clinical practice. In fact, most clinicians 
enter the first part of the axillary vein. 

There are a number of patients that undergo 
catheterization of the subclavian vein/axillary vein. 
Entering the subclavian vein/axillary vein is a relatively 
straightforward technique. The clavicle is identified and a 
sharp needle is placed in the infraclavicular region aiming 
superomedially. When venous blood is aspirated, access 
has been obtained. This route is popular for long-term 
venous access, such as Hickman lines, and for shorter-term 
access where multiple-lumen catheters are inserted (e.g., 
intensive care unit). The subclavian vein/axillary vein is 
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network around the scapula and proximal end of the 
humerus; therefore, even with complete vessel 
transection, the arm is rarely rendered completely 
ischemic (ischemia is poor blood supply to an organ or 
a limb). 


Anterior dislocation of the humeral head 

Anterior dislocation of the humeral head may compress 
the axillary artery resulting in vessel occlusion. This is 
unlikely to render the upper limb completely ischemic, 
but it may be necessary to surgically reconstruct the 
axillary artery to obtain pain-free function. Importantly, 
the axillary artery is intimately related to the brachial 
plexus, which may be damaged at the time of anterior 
dislocation. 


also the preferred site for insertion of pacemaker wires. 
There is, however, a preferred point of entry into the vein 
to prevent complications. The vein should be punctured 
in the midclavicular line or lateral to this line. The reason 
for this puncture site is the course of the vein and its 
relationship to other structures. The vein passes anterior 
to the artery, superior to the first rib and inferior to the 
clavicle as it courses through the thoracic inlet. Beneath 
the clavicle is situated the subclavius muscle. Should the 
puncture of the vein enter where the subclavius muscle is 
related to the axillary vein, the catheter or wire may 
become kinked at this point. Moreover, the constant 
contraction and relaxation of this muscle will induce 
fatigue in the line and wire, which may ultimately lead to 
fracture. A fractured pacemaker wire or a rupture ina 
chemotherapy catheter can have severe consequences for 
the patient. 
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Fig. 7.52 Brachial plexus. A. Major components in the neck and axilla. B. Schematic showing parts of the brachial plexus. 


Brachial plexus 


The brachial plexus is a somatic plexus formed by the 

anterior rami of C5 to C8, and most of the anterior ramus 

of T1 (Fig. 7.52). It originates in the neck, passes laterally 
700 and inferiorly over rib I, and enters the axilla. 


The parts of the brachial plexus, from medial to lateral, 
are roots, trunks, divisions, and cords. All major nerves 
that innervate the upper limb originate from the brachial 
plexus, mostly from the cords. Proximal parts of the bra- 
chial plexus are posterior to the subclavian artery in the 


neck, while more distal regions of the plexus surround the 
axillary artery. 


Roots 


The roots of the brachial plexus are the anterior rami of C5 
to C8, and most of T1. Close to their origin, the roots receive 
gray rami communicantes from the sympathetic trunk 
(Fig. 7.52). These carry postganglionic sympathetic fibers 
onto the roots for distribution to the periphery. The roots 
and trunks enter the posterior triangle of the neck by 
passing between the anterior scalene and middle scalene 
muscles and lie superior and posterior to the subclavian 
artery. 


Trunks 


The three trunks of the brachial plexus originate from the 
roots, pass laterally over rib I, and enter the axilla (Fig. 
Tide): 


= the superior trunk is formed by the union of C5 and C6 
roots; 

= the middle trunk is a continuation of the C7 root; 

= the inferior trunk is formed by the union of the C8 and 
T1 roots. 


The inferior trunk lies on rib I posterior to the subcla- 
vian artery; the middle and superior trunks are more supe- 
rior in position. 


Divisions 
Each of the three trunks of the brachial plexus divides into 
an anterior and a posterior division (Fig. 7.52): 


= the three anterior divisions form parts of the brachial 
plexus that ultimately give rise to peripheral nerves 
associated with the anterior compartments of the arm 
and forearm; 

= the three posterior divisions combine to form parts of 
the brachial plexus that give rise to nerves associated 
with the posterior compartments. 


No peripheral nerves originate directly from the divi- 
sions of the brachial plexus. 


Cords 


The three cords of the brachial plexus originate from the 
divisions and are related to the second part of the axillary 
artery (Fig. 7.52): 


= the lateral cord results from the union of the anterior 
divisions of the upper and middle trunks and therefore 
has contributions from C5 to C7— it is positioned lateral 
to the second part of the axillary artery; 

= the medial cord is medial to the second part of the 
axillary artery and is the continuation of the anterior 
division of the inferior trunk—it contains contributions 
from C8 and T1; 

= the posterior cord occurs posterior to the second part 
of the axillary artery and originates as the union of all 
three posterior divisions—it contains contributions 
from all roots of the brachial plexus (C5 to T1). 


Most of the major peripheral nerves of the upper limb 
originate from the cords of the brachial plexus. Generally, 
nerves associated with the anterior compartments of the 
upper limb arise from the medial and lateral cords and 
nerves associated with the posterior compartments origi- 
nate from the posterior cord. 


Branches (Table 7.7) 
Branches of the roots 


In addition to small segmental branches from C5 to C8 to 
muscles of the neck and a contribution of C5 to the phrenic 
nerve, the roots of the brachial plexus give rise to the dorsal 
scapular and long thoracic nerves (Fig. 7.53). 
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Table 7.7 Branches of brachial plexus (brackets indicate that a spinal segment is a minor component of the nerve or is inconsistently 
present in the nerve) 


Branch (cutaneous) 


Dorsal scapular 
Origin: C5 root 
Spinal segment: C5 


Long thoracic 

Origin: C5 to C7 roots 
Spinal segments: 

C5 to C7 


Suprascapular 
Origin: Superior trunk 
Spinal segments: C5, C6 


Nerve to subclavius 
Origin: Superior trunk 
Spinal segments: C5, C6 


Lateral pectoral 
Origin: Lateral cord 
Spinal segments: 
C5 to C7 


Musculocutaneous 
Origin: Lateral cord 
Spinal segments: 
C5 to C7 


Medial pectoral 
Origin: Medial cord 
Spinal segments: C8, T1 








Function: motor 
Rhomboid major, rhomboid minor 


Function: motor 
Serratus anterior 


Function: motor 
Supraspinatus, infraspinatus 


Function: motor 
Subclavius 


Function: motor 
Pectoralis major 


Function: motor 

All muscles in the anterior compartment of the arm 
Function: sensory 

Skin on lateral side of forearm 


Function: motor 
Pectoralis major, pectoralis minor 


(also receives contributions from 
spinal segments C5 to C7 through 
a communication with the lateral 
pectoral nerve) 





Medial cutaneous of arm 
Origin: Medial cord 
Spinal segments: C8, T1 


Function: sensory 
Skin on medial side of distal one-third of arm 
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Table 7.7—cont’d Branches of brachial plexus (brackets indicate that a spinal segment is a minor component of the nerve or is 


inconsistently present in the nerve) 


Branch (cutaneous) 


Medial cutaneous of forearm 
Origin: Medial cord 
Spinal segments: C8, T1 


Median 

Origin: Medial and lateral cords 
Spinal segments: 

(C5), C6 to T1 


Ulnar 

Origin: Medial cord 
Spinal segments: 
(C7), C8, T1 


Superior subscapular 
Origin: Posterior cord 
Spinal segments: C5, C6 


Thoracodorsal 
Origin: Posterior cord 
Spinal segments: 

C6 to C8 


Inferior subscapular 
Origin: Posterior cord 
Spinal segments: C5, C6 


Axillary 
Origin: Posterior cord 
Spinal segments: C5, C6 


Radial 

Origin: Posterior cord 
Spinal segments: 

C5 to C8, (T1) 





Function: sensory 
Skin on medial side of forearm 


Function: motor 

All muscles in the anterior compartment of the forearm (except flexor carpi 
ulnaris and medial half of flexor digitorum profundus), three thenar 
muscles of the thumb and two lateral lumbrical muscles 

Function: sensory 

Skin over the palmar surface of the lateral three and one-half digits and 
over the lateral side of the palm and middle of the wrist 


Function: motor 

All intrinsic muscles of the hand (except three thenar muscles and two 
lateral lumbricals); also flexor carpi ulnaris and the medial half of flexor 
digitorum profundus in the forearm 

Function: sensory 

Skin over the palmar surface of the medial one and one-half digits and 
associated palm and wrist, and skin over the dorsal surface of the medial 
one and one-half digits 


Function: motor 
Subscapularis 


Function: motor 
Latissimus dorsi 


Function: motor 
Subscapularis, teres major 


Function: motor 

Deltoid, teres minor 

Function: sensory 

Skin over upper lateral part of arm 


Function: motor 

All muscles in the posterior compartments of arm and forearm 
Function: sensory 

Skin on the posterior aspects of the arm and forearm, the lower lateral 
surface of the arm, and the dorsal lateral surface of the hand 
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Upper limb 


The dorsal scapular nerve: 


The long thoracic nerve: 


= originates from the C5 root of the brachial plexus; originates from the anterior rami of C5 to C7; 

=™ passes posteriorly, often piercing the middle scalene passes vertically down the neck, through the axillary 
muscle in the neck, to reach and travel along the medial inlet, and down the medial wall of the axilla to supply 
border of the scapula (Fig. 7.54); and the serratus anterior muscle (Fig. 7.54); and 

= innervates the rhomboid major and minor muscles lies on the superficial aspect of the serratus anterior 


from their deep surfaces. 


muscle. 
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704 Fig. 7.53 Brachial plexus. A. Schematic showing branches of the brachial plexus. B. Relationships to the axillary artery. 





The suprascapular nerve (C5 and C6): 


Branches of the trunks 


The only branches from the trunks of the brachial plexus = originates from the superior trunk of the brachial 


are two nerves that originate from the superior trunk plexus; 
(upper trunk): the suprascapular nerve and the nerve to = passes laterally through the posterior triangle of the 
the subclavius muscle (Fig. 7.53). neck (Fig. 7.54) and through the suprascapular foramen 


to enter the posterior scapular region; 
= innervates the supraspinatus and infraspinatus 


muscles; and 
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Fig. 7.54 Branches of the roots and trunks of the brachial plexus. 
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Upper limb 


is accompanied in the lateral parts of the neck and in the 
posterior scapular region by the suprascapular artery. 


The nerve to subclavius muscle (C5 and C6) is a 
small nerve that: 


originates from the superior trunk of the brachial 
plexus; 

passes anteroinferiorly over the subclavian artery and 
vein; and 

innervates the subclavius muscle. 


Branches of the lateral cord 


Three nerves originate entirely or partly from the lateral 
cord (Fig. 7.53). 


The lateral pectoral nerve is the most proximal of the 
branches from the lateral cord. It passes anteriorly, 
together with the thoraco-acromial artery, to penetrate 
the clavipectoral fascia that spans the gap between the 
subclavius and pectoralis minor muscles (Fig. 7.55), 
and innervates the pectoralis major muscle. 

The musculocutaneous nerve is a large terminal 
branch of the lateral cord. It passes laterally to pene- 
trate the coracobrachialis muscle and pass between the 
biceps brachii and brachialis muscles in the arm, and 
innervates all three flexor muscles in the anterior com- 
partment of the arm, terminating as the lateral cuta- 
neous nerve of forearm. 

The lateral root of median nerve is the largest ter- 
minal branch of the lateral cord and passes medially to 
join a similar branch from the medial cord to form the 
median nerve (Fig. 7.55). 


Branches of the medial cord 
The medial cord has five branches (Fig. 7.55). 


The medial pectoral nerve is the most proximal 
branch. It receives a communicating branch from the 
lateral pectoral nerve and then passes anteriorly 
between the axillary artery and axillary vein. Branches 
of the nerve penetrate and supply the pectoralis minor 
muscle. Some of these branches pass through the 
muscle to reach and supply the pectoralis major muscle. 
Other branches occasionally pass around the inferior or 
lateral margin of the pectoralis minor muscle to reach 
the pectoralis major muscle. 

The medial cutaneous nerve of arm (medial bra- 
chial cutaneous nerve) passes through the axilla and 
into the arm where it penetrates deep fascia and sup- 
plies skin over the medial side of the distal third of the 


arm. In the axilla, the nerve communicates with the 
intercostobrachial nerve of T2. Fibers of the medial 
cutaneous nerve of arm innervate the upper part of the 
medial surface of the arm and floor of the axilla. 

The medial cutaneous nerve of forearm (medial 
antebrachial cutaneous nerve) originates just distal 
to the origin of the medial cutaneous nerve of arm. It 
passes out of the axilla and into the arm where it gives 
off a branch to the skin over the biceps brachii muscle, 
and then continues down the arm to penetrate the deep 
fascia with the basilic vein, continuing inferiorly to 
supply the skin over the anterior surface of the forearm. 
It innervates skin over the medial surface of the forearm 
down to the wrist. 

The medial root of median nerve passes laterally to 
join with a similar root from the lateral cord to form the 
median nerve anterior to the third part of the axillary 
artery. 

The ulnar nerve is a large terminal branch of the 
medial cord (Fig. 7.55). However, near its origin, it often 
receives a communicating branch from the lateral root 
of the median nerve originating from the lateral cord 
and carrying fibers from C7. The ulnar nerve passes 
through the arm and forearm into the hand where it 
innervates all intrinsic muscles of the hand (except for 
the three thenar muscles and the two lateral lumbrical 
muscles). On passing through the forearm, branches of 
the ulnar nerve innervate the flexor carpi ulnaris muscle 
and the medial half of the flexor digitorum profundus 
muscle. The ulnar nerve innervates skin over the palmar 
surface of the little finger, medial half of the ring finger, 
and associated palm and wrist, and the skin over the 
dorsal surface of the medial part of the hand. 


Median nerve. The median nerve is formed anterior to the 
third part of the axillary artery by the union of lateral and 
medial roots originating from the lateral and medial cords 
of the brachial plexus (Fig. 7.55). It passes into the arm 
anterior to the brachial artery, through the arm into the 
forearm where branches innervate most of the muscles in 
the anterior compartment of the forearm (except for the 
flexor carpi ulnaris muscle and the medial half of the flexor 
digitorum profundus muscle, which are innervated by the 
ulnar nerve). 

The median nerve continues 
innervate: 


into the hand to 


the three thenar muscles associated with the thumb; 
the two lateral lumbrical muscles associated with move- 
ment of the index and middle fingers; and 

the skin over the palmar surface of the lateral three and 
one-half digits and over the lateral side of the palm and 
middle of the wrist. 
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Fig. 7.55 Branches of the lateral and medial cords of the brachial plexus. 


together with penetration of the coracobrachialis muscle 
by the musculocutaneous nerve, can be used to identify 
components of the brachial plexus in the axilla. 


The musculocutaneous nerve, the lateral root of the 
median nerve, the median nerve, the medial root of the 
median nerve, and the ulnar nerve form an M over 
the third part of the axillary artery (Fig. 7.55). This feature, 
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Upper limb 


Branches of the posterior cord 


Five nerves originate from the posterior cord of the bra- 
chial plexus: 


the superior subscapular nerve; 
the thoracodorsal nerve; 

the inferior subscapular nerve; 
the axillary nerve; 

the radial nerve (Fig. 7.53). 


All these nerves except the radial nerve innervate 
muscles associated with the posterior wall of the axilla; the 
radial nerve passes into the arm and forearm. 
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Fig. 7.56 Branches of the posterior cord of the brachial plexus. 


The superior subscapular nerve, the thoracodorsal, and 
the inferior subscapular nerves originate sequentially from 
the posterior cord and pass directly into muscles associated 
with the posterior axillary wall (Fig. 7.56). The superior 
subscapular nerve is short and passes into and supplies 
the subscapularis muscle. The thoracodorsal nerve is 
the longest of these three nerves and passes vertically 
along the posterior axillary wall. It penetrates and inner- 
vates the latissimus dorsi muscle. The inferior subscapu- 
lar nerve also passes inferiorly along the posterior axillary 
wall and innervates the subscapularis and teres major 


muscles. 


Superior subscapular nerve 


Inferior subscapular nerve 





Thoracodorsal nerve 


The axillary nerve originates from the posterior cord 
and passes inferiorly and laterally along the posterior wall 
to exit the axilla through the quadrangular space (Fig. 
7.56). It passes posteriorly around the surgical neck of the 
humerus and innervates both the deltoid and teres minor 
muscles. A superior lateral cutaneous nerve of arm 
originates from the axillary nerve after passing through 
the quadrangular space and loops around the posterior 
margin of the deltoid muscle to innervate skin in that 
region. The axillary nerve is accompanied by the posterior 
circumflex humeral artery. 

The radial nerve is the largest terminal branch of the 
posterior cord (Fig. 7.56). It passes out of the axilla and into 
the posterior compartment of the arm by passing through 
the triangular interval between the inferior border of the 
teres major muscle, the long head of the triceps brachii 
muscle, and the shaft of the humerus. It is accompanied 
through the triangular interval by the profunda brachii 
artery, which originates from the brachial artery in the 
anterior compartment of the arm. The radial nerve and its 
branches innervate: 


all muscles in the posterior compartments of the arm 
and forearm; and 

the skin on the posterior aspect of the arm and forearm, 
the lower lateral surface of the arm, and the dorsal 
lateral surface of the hand. 


In the clinic 


Injuries to the brachial plexus 

The brachial plexus is an extremely complex structure. 
When damaged, it requires meticulous clinical history 
taking and examination. Assessment of the individual 
nerve functions can be obtained by nerve conduction 
studies and electromyography, which assess the latency 
of muscle contraction when the nerve is artificially 
stimulated. 

Brachial plexus injuries are usually the result of blunt 
trauma producing nerve avulsions and disruption. These 
injuries are usually devastating for the function of the 
upper limb and require many months of dedicated 
rehabilitation for even a small amount of function to 
return. 

Spinal cord injuries in the cervical region and direct 
pulling injuries tend to affect the roots of the brachial 
plexus. Severe trauma to the first rib usually affects the 
trunks. The divisions and cords of the brachial plexus 
can be injured by dislocation of the glenohumeral joint. 


Regional anatomy ° Axilla 


The posterior cutaneous nerve of arm (posterior 
brachial cutaneous nerve) originates from the radial 
nerve in the axilla and innervates skin on the posterior 
surface of the arm. 


Lymphatics 
All lymphatics from the upper limb drain into lymph nodes 
in the axilla (Fig. 7.57). 

In addition, axillary nodes receive drainage from an 
extensive area on the adjacent trunk, which includes 
regions of the upper back and shoulder, the lower neck, the 
chest, and the upper anterolateral abdominal wall. Axil- 
lary nodes also receive drainage from approximately 75% 
of the mammary gland. 

The 20-30 axillary nodes are generally divided into five 
groups on the basis of location. 


Humeral (lateral) nodes posteromedial to the axil- 
lary vein receive most of the lymphatic drainage from 
the upper limb. 

Pectoral (anterior) nodes occur along the inferior 
margin of the pectoralis minor muscle along the course 
of the lateral thoracic vessels and receive drainage from 
the abdominal wall, the chest, and the mammary 
gland. 

Subscapular (posterior) nodes on the posterior axil- 
lary wall in association with the subscapular vessels 
drain the posterior axillary wall and receive lymphatics 
from the back, the shoulder, and the neck. 

Central nodes are embedded in axillary fat and receive 
tributaries from humeral, subscapular, and pectoral 
groups of nodes. 

Apical nodes are the most superior group of nodes in 
the axilla and drain all other groups of nodes in the 
region. In addition, they receive lymphatic vessels that 
accompany the cephalic vein as well as vessels that 
drain the superior region of the mammary gland. 


Efferent vessels from the apical group converge to form 
the subclavian trunk, which usually joins the venous 
system at the junction between the right subclavian vein 
and the right internal jugular vein in the neck. On the left, 
the subclavian trunk usually joins the thoracic duct in the 
base of the neck. 


Axillary process of 
the mammary gland 


Although the mammary gland is in superficial fascia over- 
lying the thoracic wall, its superolateral region extends 
along the inferior margin of the pectoralis major muscle 
toward the axilla. In some cases, this may pass around the 
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Fig. 7.57 Lymph nodes and vessels in the axilla. 


ARM 


margin of the muscle to penetrate deep fascia and enter the The arm is the region of the upper limb between the shoul- 
axilla (Fig. 7.58). This axillary process rarely reaches as der and the elbow (Fig. 7.59). The superior aspect of the 
710 high as the apex of the axilla. arm communicates medially with the axilla. Inferiorly, a 


In the clinic 


Breast cancer 
Lymphatic drainage from the lateral part of the breast 
passes through nodes in the axilla. Significant 
disruption to the normal lymphatic drainage of the 
upper limb may occur if a mastectomy or a surgical 
axillary nodal clearance has been carried out for breast 
cancer. Furthermore, some patients have radiotherapy 
to the axilla to prevent the spread of metastatic disease, 
but a side effect of this is the destruction of the tiny 
lymphatics as well as the cancer cells. 

If the lymphatic drainage of the upper limb is 
damaged, the arm may swell and pitting edema 
(lymphedema) may develop. 


Axillary process Breast 





Fig. 7.58 Axillary process of the breast. 
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Fig. 7.59 Arm. A. Proximal and distal relationships. B. Transverse 
section through the middle of the arm. 
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Upper limb 


number of important structures pass between the arm and 
the forearm through the cubital fossa, which is positioned 
anterior to the elbow joint. 

The arm is divided into two compartments by medial 
and lateral intermuscular septa, which pass from each side 
of the humerus to the outer sleeve of deep fascia that sur- 
rounds the limb (Fig. 7.59). 

The anterior compartment of the arm contains muscles 
that predominantly flex the elbow joint; the posterior com- 
partment contains muscles that extend the joint. Major 
nerves and vessels supply and pass through each 
compartment. 


Bones 


The skeletal support for the arm is the humerus (Fig. 7.60). 
Most of the large muscles of the arm insert into the proxi- 
mal ends of the two bones of the forearm, the radius and 
the ulna, and flex and extend the forearm at the elbow 
joint. In addition, the muscles predominantly situated in 
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Fig. 7.60 Humerus. 


the forearm that move the hand originate at the distal end 
of the humerus. 


Shaft and distal end of the humerus 


In cross-section, the shaft of the humerus is somewhat 
triangular with: 


anterior, lateral, and medial borders; and 
anterolateral, anteromedial, and posterior sur- 
faces (Fig. 7.60). 


The posterior surface of the humerus is marked on its 
superior aspect by a linear roughening for the attachment 
of the lateral head of the triceps brachii muscle, beginning 
just inferior to the surgical neck and passing diagonally 
across the bone to the deltoid tuberosity. 

The middle part of the posterior surface and adjacent 
part of the anterolateral surface are marked by the shallow 
radial groove, which passes diagonally down the bone 
and parallel to the sloping posterior margin of the deltoid 
tuberosity. The radial nerve and the profunda brachii 
artery lie in this groove. 

Approximately in the middle of the shaft, the medial 
border is marked by thin elongate roughening for the 
attachment of the coracobrachialis muscle. 

Intermuscular septa, which separate the anterior com- 
partment from the posterior compartment, attach to the 
medial and lateral borders (Fig. 7.61). 

Distally, the bone becomes flattened, and these borders 
expand as the lateral supraepicondylar ridge (lateral 
supracondylar ridge) and the medial supraepicondy- 
lar ridge (medial supracondylar ridge). The lateral 
supraepicondylar ridge is more pronounced than the 
medial and is roughened for the attachment of muscles 
found in the posterior compartment of the forearm. 

The distal end of the humerus, which is flattened in the 
anteroposterior plane, bears a condyle, two epicondyles, 
and three fossae, as follows (Fig. 7.61). 


The condyle 


The two articular parts of the condyle, the capitulum and 
the trochlea, articulate with the two bones of the 
forearm. 

The capitulum articulates with the radius of the 
forearm. Lateral in position and hemispherical in shape, it 
projects anteriorly andsomewhat inferiorly andisnot visible 
when the humerus is viewed from the posterior aspect. 

The trochlea articulates with the ulna of the forearm. 
It is pulley shaped and lies medial to the capitulum. Its 
medial edge is more pronounced than its lateral edge and, 
unlike the capitulum, it extends onto the posterior surface 
of the bone. 
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Fig. 7.61 Distal end of the humerus. 


The two epicondyles 


The two epicondyles lie adjacent, and somewhat superior, 
to the trochlea and capitulum (Fig. 7.61). 

The medial epicondyle, a large bony protuberance, 
is the major palpable landmark on the medial side of the 
elbow, and projects medially from the distal end of the 
humerus. On its surface, it bears a large oval impression 
for the attachment of muscles in the anterior compartment 
of the forearm. The ulnar nerve passes from the arm into 
the forearm around the posterior surface of the medial epi- 
condyle and can be palpated against the bone in this 
location. 


The lateral epicondyle is much less pronounced than 
the medial epicondyle. Itis lateral to the capitulum and has 
a large irregular impression for the attachment of muscles 
in the posterior compartment of the forearm. 


The three fossae 


Three fossae occur superior to the trochlea and capitulum 
on the distal end of the humerus (Fig. 7.61). 

The radial fossa is the least distinct of the fossae and 
occurs immediately superior to the capitulum on the ante- 
rior surface of the humerus. 

The coronoid fossa is adjacent to the radial fossa and 
is superior to the trochlea. 

The largest of the fossae, the olecranon fossa, occurs 
immediately superior to the trochlea on the posterior 
surface of the distal end of the humerus. 

These three fossae accommodate projections from the 
bones in the forearm during movements of the elbow 
joint. 


Proximal end of the radius 


The proximal end of the radius consists of a head, a neck, 
and the radial tuberosity (Fig. 7.62). 

The head of the radius is a thick disc-shaped structure 
oriented in the horizontal plane. The circular superior 
surface is concave for articulation with the capitulum of 
the humerus. The thick margin of the disc is broad medi- 
ally where it articulates with the radial notch on the proxi- 
mal end of the ulna. 

The neck of the radius is a short and narrow cylinder 
of bone between the expanded head and the radial tuberos- 
ity on the shaft. 

The radial tuberosity is a large blunt projection on the 
medial surface of the radius immediately inferior to the 
neck. Much of its surface is roughened for the attachment 
of the biceps brachii tendon. The oblique line of the radius 
continues diagonally across the shaft of the bone from the 
inferior margin of the radial tuberosity. 


Proximal end of the ulna 


The proximal end of the ulna is much larger than the proxi- 
mal end of the radius and consists of the olecranon, the 
coronoid process, the trochlear notch, the radial notch, 
and the tuberosity of ulna (Fig. 7.63). 

The olecranon is a large projection of bone that extends 
proximally from the ulna. Its anterolateral surface is artic- 
ular and contributes to the formation of the trochlear 
notch, which articulates with the trochlea of the humerus. 
The superior surface is marked by a large roughened 
impression for the attachment of the triceps brachii muscle. 
The posterior surface is smooth, shaped somewhat trian- 
gularly, and can be palpated as the “tip of the elbow.” 
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Fig. 7.62 A. Anterior view of the proximal end of the radius. B. Radiograph of the elbow joint (anterior—posterior view). 
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714 Fig. 7.63 A. Lateral, anterior, medial, and posterior views of the proximal end of the ulna. 
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Fig. 7.63, cont’d B. Radiograph of the elbow joint (lateral view). 


The coronoid process projects anteriorly from the 
proximal end of the ulna (Fig. 7.63). Its superolateral 
surface is articular and participates, with the olecranon, 
in forming the trochlear notch. The lateral surface is 
marked by the radial notch for articulation with the head 
of the radius. 

Just inferior to the radial notch is a fossa that allows the 
radial tuberosity to change position during pronation and 
supination. The posterior margin of this fossa is broadened 
to form the supinator crest. The anterior surface of the 
coronoid process is triangular, with the apex directed dis- 
tally, and has a number of roughenings for muscle attach- 
ment. The largest of these roughenings, the tuberosity of 
ulna, is at the apex of the anterior surface and is the attach- 
ment site for the brachialis muscle. 


Muscles 


The anterior compartment of the arm contains three 
muscles—the coracobrachialis, brachialis, and biceps 
brachii muscles—which are innervated predominantly by 
the musculocutaneous nerve. 
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Fig. 7.64 Biceps brachii and brachialis muscles. 


The posterior compartment contains one muscle—the 
triceps brachii muscle—which is innervated by the radial 
nerve. 


Coracobrachialis 


The coracobrachialis muscle extends from the tip of the 
coracoid process of the scapula to the medial side of the 
midshaft of the humerus (Fig. 7.64 and Table 7.8). It passes 
through the axilla and is penetrated and innervated by the 
musculocutaneous nerve. 

The coracobrachialis muscle flexes the arm. 


Biceps brachii 
The biceps brachii muscle has two heads: 


= the short head of the muscle originates from the cora- 
coid process in conjunction with the coracobrachialis; 
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Upper limb 


the long head originates as a tendon from the supragle- 
noid tubercle of the scapula (Fig. 7.64 and Table 7.8). 


The tendon of the long head passes through the gleno- 
humeral joint superior to the head of the humerus, then 
passes through the intertubercular sulcus and enters the 
arm. In the arm, the tendon joins with its muscle belly and, 
together with the muscle belly of the short head, overlies 
the brachialis muscle. 

The long and short heads converge to form a single 
tendon, which inserts onto the radial tuberosity. 

As the tendon enters the forearm, a flat sheet of connec- 
tive tissue (the bicipital aponeurosis) fans out from the 
medial side of the tendon to blend with deep fascia covering 
the anterior compartment of the forearm. 

The biceps brachii muscle is a powerful flexor of the 
forearm at the elbow joint; it is also the most powerful 
supinator of the forearm when the elbow joint is flexed. 
Because the two heads of the biceps brachii muscle cross 
the glenohumeral joint, the muscle can also flex the gleno- 
humeral joint. 

The biceps brachii muscle is innervated by the muscu- 
locutaneous nerve. A tap on the tendon of biceps brachii 
at the elbow is used to test predominantly spinal cord 
segment C6. 


Brachialis 


The brachialis muscle originates from the distal half of 
the anterior aspect of the humerus and from adjacent parts 


of the intermuscular septa, particularly on the medial side 
(Fig. 7.64 and Table 7.8). It lies beneath the biceps brachii 
muscle, is flattened dorsoventrally, and converges to form 
a tendon, which attaches to the tuberosity of the ulna. 

The brachialis muscle flexes the forearm at the elbow 
joint. 

Innervation of brachialis muscle is predominantly by 
the musculocutaneous nerve. A small component of the 
lateral part is innervated by the radial nerve. 


Posterior compartment 


The only muscle of the posterior compartment of the arm 
is the triceps brachii muscle (Fig. 7.65 and Table 7.9). 
The triceps brachii muscle has three heads: 


In the clinic 


Rupture of biceps tendon 

It is relatively unusual for muscles and their tendons to 
rupture in the upper limb; however, the tendon that 
most commonly ruptures is the tendon of the long 
head of the biceps brachii muscle. In isolation, this has 
relatively little effect on the upper limb, but it does 
produce a characteristic deformity—on flexing the 
elbow, there is an extremely prominent bulge of the 
muscle belly as its unrestrained fibers contract—the 
“Popeye” sign. 


Table 7.8 Muscles of the anterior compartment of the arm (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin Insertion 


Coracobrachialis | Apex of coracoid process Linear roughening on 
midshaft of humerus 


on medial side 


Biceps brachii Long head—supraglenoid 
tubercle of scapula; short 
head—apex of coracoid 


process 


Radial tuberosity 


Brachialis Anterior aspect of humerus 
(medial and lateral surfaces) 
and adjacent intermuscular 


septae 


Tuberosity of the ulna 


Innervation Function 


Flexor of the arm at the 
glenohumeral joint 


Musculocutaneous nerve [C5, 
C6, C7] 


Powerful flexor of the forearm at 
the elbow joint and supinator of 
the forearm; accessory flexor of 
the arm at the glenohumeral joint 


Musculocutaneous nerve [C5, 
C6] 


Powerful flexor of the forearm at 
the elbow joint 


Musculocutaneous nerve [C5, 
C6]; (small contribution by 
the radial nerve [C7] to lateral 
part of muscle) 


Table 7.9 Muscle of the posterior compartment of the arm (spinal segments indicated in bold are the major segments innervating 


the muscle) 
Muscle Origin Insertion 
Triceps brachii Long head—infraglenoid tubercle of Olecranon 


scapula; medial head—posterior surface 
of humerus; lateral head—posterior 
surface of humerus 


Innervation Function 


Extension of the forearm at the elbow 
joint. Long head can also extend and 
adduct the arm at the shoulder joint 


Radial nerve [C6, C7, C8] 


= the long head originates from the infraglenoid tubercle 
of the scapula; 

= the medial head originates from the extensive area on 
the posterior surface of the shaft of the humerus inferior 
to the radial groove; 

= the lateral head originates from a linear roughening 
superior to the radial groove of the humerus. 


The three heads converge to form a large tendon, which 
inserts on the superior surface of the olecranon of the 
ulna. 

The triceps brachii muscle extends the forearm at the 
elbow joint. 

Innervation of triceps brachii is by branches of the radial 
nerve. A tap on the tendon of triceps brachii tests predomi- 
nantly spinal cord segment C7. 


Arteries and veins 


Brachial artery 


The major artery of the arm, the brachial artery, is found 
in the anterior compartment (Fig. 7.66). Beginning as a 
continuation of the axillary artery at the lower border of 
the teres major muscle, it terminates just distal to the elbow 
joint where it divides into the radial and ulnar arteries. 

In the proximal arm, the brachial artery lies on the 
medial side. In the distal arm, it moves laterally to assume 
a position midway between the lateral epicondyle and the 
medial epicondyle of the humerus. It crosses anteriorly to 
the elbow joint where it lies immediately medial to the 
tendon of the biceps brachii muscle. The brachial artery is 
palpable along its length. In proximal regions, the brachial 
artery can be compressed against the medial side of the 
humerus. 

Branches of the brachial artery in the arm include those 
to adjacent muscles and two ulnar collateral vessels, which 
contribute to a network of arteries around the elbow joint. 
Additional branches are the profunda brachii artery and 
nutrient arteries to the humerus, which pass through 
a foramen in the anteromedial surface of the humeral 
shaft. 
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Fig. 7.65 Triceps muscle. 
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Profunda brachii artery 


The profunda brachii artery, the largest branch of the 
brachial artery, passes into and supplies the posterior com- 
partment of the arm (Fig. 7.66). It enters the posterior 
compartment with the radial nerve and together they pass 
through the triangular interval, which is formed by the 
shaft of the humerus, the inferior margin of the teres major 
muscle, and the lateral margin of the long head of the 


A 












Axillary artery 


Coracobrachialis 


Teres major 


Profunda brachii artery 


Brachial artery 


SAY Ne 
j ; r. p \ k T 


MW 







Radial artery 


Ulnar artery 


Fig. 7.66 Brachial artery. A. In context. 


triceps muscle. They then pass along the radial groove on 
the posterior surface of the humerus deep to the lateral 
head of the triceps brachii muscle. 

Branches of the profunda brachii artery supply adjacent 
muscles and anastomose with the posterior circumflex 
humeral artery. The artery terminates as two collateral 
vessels, which contribute to an anastomotic network of 
arteries around the elbow joint. 
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Fig. 7.66, cont’d Brachial artery. B. Branches. 
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Upper limb 


In the clinic 


Blood pressure measurement 
Blood pressure measurement is an extremely important 
physiologic parameter. High blood pressure 
(hypertension) requires treatment to prevent long-term 
complications such as stroke. Low blood pressure may be 
caused by extreme blood loss, widespread infection, or 
poor cardiac output (e.g., after myocardial infarction). 
Accurate measurement of blood pressure is essential. 
Most clinicians use a sohygmomanometer and a 
stethoscope. The sohygmomanometer is a device that 
inflates a cuff around the midportion of the arm to 
compress the brachial artery against the humerus. The 
cuff is inflated so it exceeds the systolic blood pressure 
(greater than 120 mm Hg). The clinician places a 


Veins 


Paired brachial veins pass along the medial and lateral 
sides of the brachial artery, receiving tributaries that 
accompany branches of the artery (Fig. 7.67). 

In addition to these deep veins, two large subcutaneous 
veins, the basilic vein and the cephalic vein, are located in 
the arm. 

The basilic vein passes vertically in the distal half of the 
arm, penetrates deep fascia to assume a position medial to 
the brachial artery, and then becomes the axillary vein at 
the lower border of the teres major muscle. The brachial 
veins join the basilic, or axillary, vein. 

The cephalic vein passes superiorly on the anterolateral 
aspect of the arm and through the anterior wall of the 
axilla to reach the axillary vein. 


Nerves 


Musculocutaneous nerve 


The musculocutaneous nerve leaves the axilla and enters 
the arm by passing through the coracobrachialis muscle 
(Fig. 7.68). It passes diagonally down the arm in the plane 
between the biceps brachii and brachialis muscles. After 
giving rise to motor branches in the arm, it emerges later- 
ally to the tendon of the biceps brachii muscle at the elbow, 
penetrates deep fascia, and continues as the lateral cuta- 
neous nerve of forearm. 
The musculocutaneous nerve provides: 


motor innervation to all muscles in the anterior com- 
partment of the arm; and 


stethoscope over the brachial artery in the cubital fossa 
and listens (auscultates) for the pulse. As the pressure in 
the arm cuff of the sohygmomanometer is reduced just 
below the level of the systolic blood pressure, the pulse 
becomes audible as a regular thumping sound. As the 
pressure in the sohygmomanometer continues to drop, 
the regular thumping sound becomes clearer. When the 
pressure in the sohygmomanometer is less than that of 
the diastolic blood pressure, the audible thumping sound 
becomes inaudible. Using the simple scale on the 
sphygmomanometer, the patient's blood pressure can be 
determined. The normal range is 120/80 mm Hg (systolic 
blood pressure/diastolic blood pressure). 


sensory innervation to skin on the lateral surface of the 
forearm. 


Median nerve 


The median nerve enters the arm from the axilla at the 
inferior margin of the teres major muscle (Fig. 7.68). It 
passes vertically down the medial side of the arm in the 
anterior compartment and is related to the brachial artery 
throughout its course: 


in proximal regions, the median nerve is immediately 
lateral to the brachial artery; 

in more distal regions, the median nerve crosses to the 
medial side of the brachial artery and lies anterior to the 
elbow joint. 


The median nerve has no major branches in the arm, 
but a branch to one of the muscles of the forearm, the pro- 
nator teres muscle, may originate from the nerve immedi- 
ately proximal to the elbow joint. 


Ulnar nerve 


The ulnar nerve enters the arm with the median nerve and 
axillary artery (Fig. 7.68). It passes through proximal 
regions medial to the axillary artery. In the middle of 
the arm, the ulnar nerve penetrates the medial intermus- 
cular septum and enters the posterior compartment where 
it lies anterior to the medial head of the triceps brachii 
muscle. It passes posterior to the medial epicondyle of the 
humerus and then into the anterior compartment of the 
forearm. 
The ulnar nerve has no major branches in the arm. 







Axillary vein 


Coracobrachialis 


Inferior margin of teres major 


Basilic vein penetrates 
deep fascia 


Paired brachial veins / 


Cephalic vein 


Biceps brachii 







Basilic vein 
i 
W 


‘, » 4 a ? i 
Brachialis “ff — 


f 







Basilic vein (subcutaneous superficial vein) 


Deep veins accompanying arteries 


Fig. 7.67 Veins of the arm. 
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Fig. 7.68 Musculocutaneous, median, and ulnar nerves in the arm. 


Radial nerve 


The radial nerve originates from the posterior cord of the 
brachial plexus and enters the arm by crossing the inferior 
margin of the teres major muscle (Fig. 7.69). As it enters 
the arm, it lies posterior to the brachial artery. Accompa- 
nied by the profunda brachii artery, the radial nerve enters 
the posterior compartment of the arm by passing through 
the triangular interval. 

As the radial nerve passes diagonally, from medial to 
lateral, through the posterior compartment, it lies in the 
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Ulnar nerve 


Medial intermuscular septum 
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radial groove directly on bone. On the lateral side of the 
arm, it passes anteriorly through the lateral intermuscular 
septum and enters the anterior compartment where it lies 
between the brachialis muscle and a muscle of the poste- 
rior compartment of the forearm—the brachioradialis 
muscle, which attaches to the lateral supraepicondylar 
ridge of the humerus. The radial nerve enters the forearm 
anterior to the lateral epicondyle of the humerus, just deep 
to the brachioradialis muscle. 

In the arm, the radial nerve has muscular and cutane- 
ous branches (Fig. 7.69). 
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Fig. 7.69 Radial nerve in the arm. 


= Muscular branches include those to the triceps brachii, 
brachioradialis, and extensor carpi radialis longus 
muscles. In addition, the radial nerve contributes to the 
innervation of the lateral part of the brachialis muscle. 
One of the branches to the medial head of the triceps 
brachii muscle arises before the radial nerve’s entrance 
into the posterior compartment and passes vertically 
down the arm in association with the ulnar nerve. 
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= Cutaneous branches of the radial nerve that originate 


in the posterior compartment of the arm are the infe- 
rior lateral cutaneous nerve of arm and the poste- 
rior cutaneous nerve of forearm, both of which 
penetrate through the lateral head of the triceps brachii 
muscle and the overlying deep fascia to become 
subcutaneous. 


723 


724 





Upper limb 


In the clinic 


Radial nerve injury in the arm 

The radial nerve is tightly bound with the profunda 
brachii artery between the medial and lateral heads of 
the triceps brachii muscle in the radial groove. If the 
humerus is fractured, the radial nerve may become 
stretched or transected in this region leading to 
permanent damage and loss of function. This injury is 
typical (Fig. 7.70) and the nerve should always be tested 
when a fracture of the midshaft of the humerus is 
suspected. The patient's symptoms usually include wrist 
drop (due to denervation of the extensor muscles) and 
sensory changes over the dorsum of the hand. 


Humerus 


Fig. 7.70 Radiograph of the humerus demonstrating a 
midshaft fracture, which may disrupt the radial nerve. 





In the clinic 


Median nerve injury in the arm 

In the arm and forearm the median nerve is usually not 
injured by trauma because of its relatively deep 
position. The commonest neurological problem 
associated with the median nerve is compression 
beneath the flexor retinaculum at the wrist (carpal 
tunnel syndrome). 

On very rare occasions, a fibrous band may arise 
from the anterior aspect of the humerus beneath which 
the median nerve passes. This is an embryological 
remnant of the coracobrachialis muscle and is 
sometimes called the ligament of Struthers; 
occasionally, it may calcify. This band can compress the 
median nerve, resulting in weakness of the flexor 
muscles in the forearm and the thenar muscles. Nerve 
conduction studies will demonstrate the site of nerve 
compression. 


ELBOW JOINT 


The elbow joint is a complex joint involving three separate 
articulations, which share a common synovial cavity 
(Fig. 7.71). 


The joints between the trochlear notch of the ulna and 
the trochlea of the humerus and between the head of 
the radius and the capitulum of the humerus are pri- 
marily involved with hinge-like flexion and extension 
of the forearm on the arm and, together, are the princi- 
pal articulations of the elbow joint. 

The joint between the head of the radius and the radial 
notch of the ulna, the proximal radio-ulnar joint, is 
involved with pronation and supination of the 
forearm. 


The articular surfaces of the bones are covered with 


hyaline cartilage. 


The synovial membrane originates from the edges of the 


articular cartilage and lines the radial fossa, the coronoid 
fossa, the olecranon fossa, the deep surface of the joint 
capsule, and the medial surface of the trochlea (Fig. 
Lil AN: 





The synovial membrane is separated from the fibrous 
membrane of the joint capsule by pads of fat in regions 
overlying the coronoid fossa, the olecranon fossa, and the 
radial fossa. These fat pads accommodate the related bony 
processes during extension and flexion of the elbow. 
Attachments of the brachialis and triceps brachii muscles 
to the joint capsule overlying these regions pull the attached 
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fat pads out of the way when the adjacent bony processes 
are moved into the fossae. 

The fibrous membrane of the joint capsule overlies the 
synovial membrane, encloses the joint, and attaches to the 
medial epicondyle and the margins of the olecranon, coro- 
noid, and radial fossae of the humerus (Fig. 7.73). It also 
attaches to the coronoid process and olecranon of the ulna. 
On the lateral side, the free inferior margin of the joint 
capsule passes around the neck of the radius from an ante- 
rior attachment to the coronoid process of the ulna to a 
posterior attachment to the base of the olecranon. 

The fibrous membrane of the joint capsule is thickened 
medially and laterally to form collateral ligaments, which 
support the flexion and extension movements of the elbow 
joint (Fig. 7.73). 

In addition, the external surface of the joint capsule is 
reinforced laterally where it cuffs the head of the radius 
with a strong anular ligament of radius. Although this 
ligament blends with the fibrous membrane of the joint 
capsule in most regions, they are separate posteriorly. The 
anular ligament of radius also blends with the radial col- 
lateral ligament. 


D 
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Fig. 7.71 Components and movements of the elbow joint. A. Bones and joint surfaces. B. Flexion and extension. C. Pronation and supination. 


D. Radiograph of a normal elbow joint (anterior—posterior view). 
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Fig. 7.72 Synovial membrane of elbow joint (anterior view). 


A 
Radial 
collateral 
ligament 
Ulnar 
Anular ligament collateral 
of radius ligament 


Sacciform recess 
of synovial 
membrane 


The anular ligament of radius and related joint capsule 
allow the radial head to slide against the radial notch of the 
ulna and pivot on the capitulum during pronation and 
supination of the forearm. 

The deep surface of the fibrous membrane of the joint 
capsule and the related anular ligament of radius that 
articulate with the sides of the radial head are lined by 
cartilage. A pocket of synovial membrane (sacciform 
recess) protrudes from the inferior free margin of the joint 
capsule and facilitates rotation of the radial head during 
pronation and supination. 

Vascular supply to the elbow joint is through an anas- 
tomotic network of vessels derived from collateral and 
recurrent branches of the brachial, profunda brachii, 
radial, and ulnar arteries. 

The elbow jointis innervated predominantly by branches 
of the radial and musculocutaneous nerves, but there may 
be some innervation by branches of the ulnar and median 
nerves. 
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Fig. 7.73 Elbow joint. A. Joint capsule and ligaments of the right elbow joint. B. Magnetic resonance image of the elbow joint in the coronal 
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In the clinic 


Elbow joint injury 

The elbow joint can be injured in many ways; the types of 
injuries are age dependent. When a fracture or soft tissue 
trauma is suspected, a plain lateral and an anterior- 
posterior radiograph are obtained. In an adult it is usually 
not difficult to interpret the radiograph, but in children 
additional factors require interpretation. 

As the elbow develops in children, numerous 
secondary ossification centers appear before and around 
puberty. It is easy to mistakenly interpret these as 
fractures. In addition, it is also possible for the epiphyses 
and apophyses to be “pulled off” or disrupted. Therefore, 
when interpreting a child’s radiograph of the elbow, the 


Regional anatomy ° Elbow joint / 


physician must know the child’s age (Fig. 7.74). Fusion 
occurs at around the time of puberty. An understanding 
of the normal epiphyses and apophyses and their normal 
relationship to the bones will secure a correct diagnosis. 
The approximate ages of appearance of the secondary 
ossification centers around the elbow joint are: 


capitulum—1 year; 

head (of radius)—5 years; 
medial epicondyle—5 years; 
trochlea—11 years; 
olecranon—12 years; 

lateral epicondyle—13 years. 





Fig. 7.74 Radiographs of elbow joint development. A. At age 2 years. B. At age 5 years. C. At age 5—6 years. D. At age 12 years. 
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In the clinic 


Supracondylar fracture of the humerus 

Elbow injuries in children may result in a transverse 
fracture of the distal end of the humerus, above the 
level of the epicondyles. This fracture is termed a 
supracondylar fracture. The distal fragment and its soft 
tissues are pulled posteriorly by the triceps muscle. This 
posterior displacement effectively “bowstrings” the 
brachial artery over the irregular proximal fracture 
fragment. In children, this is a relatively devastating 
injury: the muscles of the anterior compartment of the 
forearm are rendered ischemic and form severe 
contractions, significantly reducing the function of the 
anterior compartment and flexor muscles (Volkmann’s 
ischemic contracture). 


In the clinic 


Transection of the radial or ulnar arteries 

Adult patients may transect the radial or ulnar arteries 
because these vessels are relatively subcutaneous. A 
typical method of injury is when the hand is forced 
through a plate glass window. Fortunately, the dual 
supply to the hand enables the surgeon to tie off either 
the ulnar or the radial artery, without significant 
consequence. 


In the clinic 


Pulled elbow 

Pulled elbow is a disorder that typically occurs in 
children under 5 years of age. It is commonly caused by 
a sharp pull of the child’s hand, usually when the child 
is pulled up a curb. The not-yet-developed head of the 
radius and the laxity of the anular ligament of radius 
allow the head to sublux from this cuff of tissue. Pulled 
elbow is extremely painful, but can be treated easily by 
simple supination and compression of the elbow joint 
by the clinician. When the radial head is relocated the 
pain subsides immediately and the child can continue 
with normal activity. 


In the clinic 


Fracture of the head of radius 

A fracture of the head of radius is a common injury and 
can cause appreciable morbidity. It is one of the typical 
injuries that occur with a fall on the outstretched hand. 
On falling, the force is transmitted to the radial head, 
which fractures. These fractures typically result in loss of 
full extension, and potential surgical reconstruction may 
require long periods of physiotherapy to obtain a full 
range of movement at the elbow joint. 

A lateral radiograph of a fracture of the head of 
radius typically demonstrates the secondary 
phenomenon of this injury. When the bone is fractured, 
fluid fills the synovial cavity, elevating the small pad of 
fat within the coronoid and olecranon fossae. These fat 
pads appear as areas of lucency on the lateral 
radiograph—the “fat pad” sign. This radiological finding 
is useful because fracture of the head of radius is not 
always clearly visible. If there is an appropriate clinical 
history, tenderness around the head of radius and 
positive fat pad sign, a fracture can be inferred 
clinically even if no fracture can be identified on the 
radiograph, and appropriate treatment can be 
instituted. 


In the clinic 


Epicondylitis 

It is not uncommon for people who are involved in 
sports such as golf and tennis to develop an overuse 
strain of the origins of the flexor and extensor muscles 
of the forearm. The pain is typically around the 
epicondyles and usually resolves after rest. If pain and 
inflammation persist, surgical division of the extensor or 
flexor origin from the bone may be necessary. Typically, 
in tennis players this pain occurs on the lateral 
epicondyle and common extensor origin (tennis elbow), 
whereas in golfers it occurs on the medial epicondyle 
and common flexor origin. 


In the clinic 


Elbow arthritis 

Osteoarthritis is extremely common and is usually most 
severe in the dominant limb. From time to time an 
arthritic elbow may undergo such degenerative change 
that small bone fragments appear in the articular cavity. 
Given the relatively small joint space, these fragments 
can result in an appreciable reduction in flexion and 
extension, and typically lodge within the olecranon and 
coronoid fossae. 


In the clinic 


Ulnar nerve injury 

Posterior to the medial epicondyle of the humerus the 
ulnar nerve is bound in a fibro-osseous tunnel (the 
cubital tunnel) by a retinaculum. Older patients may 
develop degenerative changes within this tunnel, which 
compresses the ulnar nerve when flexed. The repeated 
action of flexion and extension of the elbow may cause 
local nerve damage, resulting in impaired function of 
the ulnar nerve. Accessory muscles and localized 
neuritis in this region secondary to direct trauma may 
also produce ulnar nerve damage. 


CUBITAL FOSSA 


The cubital fossa is an important area of transition between 
the arm and the forearm. It is located anterior to the elbow 
joint and is a triangular depression formed between two 
forearm muscles: 


the brachioradialis muscle originating from the lateral 
supraepicondylar ridge of the humerus; 
the pronator teres muscle originating from the medial 
epicondyle of the humerus (Fig. 7.75). 


The base of the triangle is an imaginary horizontal line 
between the medial and lateral epicondyles. The bed or 


Regional anatomy ° Cubital fossa 


floor of the fossa is formed mainly by the brachialis 
muscle. 

The major contents of the cubital fossa, from lateral to 
medial, are: 


the tendon of the biceps brachii muscle; 
the brachial artery; and 
the median nerve (Fig. 7.75B). 


The brachial artery normally bifurcates into the radial 
and ulnar arteries in the apex of the fossa, although this 
bifurcation may occur much higher in the arm, even in the 
axilla (Fig. 7.75B). When taking a blood pressure reading 
from a patient, the clinician places the stethoscope over the 
brachial artery in the cubital fossa. 

The median nerve lies immediately medial to the bra- 
chial artery and leaves the fossa by passing between the 
ulnar and humeral heads of the pronator teres muscle 
(Fig. 7.75C). 

The brachial artery and the median nerve are covered 
and protected anteriorly in the distal part of the cubital 
fossa by the bicipital aponeurosis (Fig. 7.75B). This flat 
connective tissue membrane passes between the medial 
side of the tendon of the biceps brachii muscle and deep 
fascia of the forearm. The sharp medial margin of the bicip- 
ital aponeurosis can often be felt. 

The radial nerve lies just under the lip of the brachiora- 
dialis muscle, which forms the lateral margin of the fossa 
(Fig. 7.75C). In this position, the radial nerve divides into 
superficial and deep branches: 


the superficial branch continues into the forearm just 
deep to the brachioradialis muscle; 

the deep branch passes between the two heads of the 
supinator muscle (see p. 747 and Fig. 7.90) to access 
the posterior compartment of the forearm. 


The ulnar nerve does not pass through the cubital fossa. 
Instead, it passes posterior to the medial epicondyle. 

The roof of the cubital fossa is formed by superficial 
fascia and skin. The most important structure within the 
roof is the median cubital vein (Fig. 7.75D), which passes 
diagonally across the roof and connects the cephalic vein 
on the lateral side of the upper limb with the basilic vein 
on the medial side. The bicipital aponeurosis separates the 
median cubital vein from the brachial artery and median 
nerve. Other structures within the roof are cutaneous 
nerves—the medial cutaneous and lateral cutaneous 
nerves of the forearm. 
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730 Fig. 7.75 Cubital fossa. A. Margins. B. Contents. C. Position of the radial nerve. D. Superficial structures. 


In the clinic 


Construction of a dialysis fistula 
Many patients throughout the world require renal 
dialysis for kidney failure. The patient’s blood is filtered 
and cleaned by the dialysis machine. Blood therefore 
has to be taken from patients into the filtering device 
and then returned to them. This process of dialysis 
occurs over many hours and requires considerable flow 
rates of 250-500 ml per minute. To enable such large 
volumes of blood to be removed from and returned to 
the body, the blood is taken from vessels that have a 
high flow. As no veins in the peripheral limbs have such 
high flow, a surgical procedure is necessary to create 
such a system. In most patients, the radial artery is 
anastomosed (joined) to the cephalic vein (Fig. 7.76) at 
the wrist, or the brachial artery is anastomosed to the 
cephalic vein at the elbow. Some surgeons place an 
arterial graft between these vessels. 

After six weeks, the veins increase in size in response 
to their arterial blood flow and are amenable to direct 
cannulation or dialysis. 


A Ulnar artery 
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Fig. 7.76 Digital subtraction angiograms of forearm 
demonstrating a surgically created radiocephalic fistula. 
A. Anterior—posterior view. B. Lateral view. 
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FOREARM 


The forearm is the part of the upper limb that extends 
between the elbow joint and the wrist joint. Proximally, 
most major structures pass between the arm and forearm 
through, or in relation to, the cubital fossa, which is ante- 
rior to the elbow joint (Fig. 7.77). The exception is the 
ulnar nerve, which passes posterior to the medial epicon- 
dyle of the humerus. 

Distally, structures pass between the forearm and the 
hand through, or anterior to, the carpal tunnel (Fig. 7.77). 
The major exception is the radial artery, which passes dor- 
sally around the wrist to enter the hand posteriorly. 

The bone framework of the forearm consists of two par- 
allel bones, the radius and the ulna (Figs. 7.78 and 7.79). 
The radius is lateral in position and is small proximally, 
where it articulates with the humerus, and large distally, 
where it forms the wrist joint with the carpal bones of the 
hand. 

The ulna is medial in the forearm, and its proximal and 
distal dimensions are the reverse of those for the radius: the 
ulna is large proximally and small distally. Proximal and 
distal joints between the radius and the ulna allow the 
distal end of the radius to swing over the adjacent end of 
the ulna, resulting in pronation and supination of the 
hand. 

As in the arm, the forearm is divided into anterior and 
posterior compartments (Fig. 7.77). In the forearm, these 
compartments are separated by: 


a lateral intermuscular septum, which passes from the 
anterior border of the radius to deep fascia surrounding 
the limb; 

an interosseous membrane, which links adjacent 
borders of the radius and ulna along most of their 
length; and 

the attachment of deep fascia along the posterior border 
of the ulna. 


Muscles in the anterior compartment of the forearm flex 
the wrist and digits and pronate the hand. Muscles in the 
posterior compartment extend the wrist and digits and 
supinate the hand. Major nerves and vessels supply or pass 
through each compartment. 
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Fig. 7.77 Forearm. A. Proximal and distal relationships of the 


forearm. B. Transverse section through the middle of the forearm. 
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Bones 
Shaft and distal end of radius 


The shaft of the radius is narrow proximally, where it is 
continuous with the radial tuberosity and neck, and much 
broader distally, where it expands to form the distal end 
(Fig. 7.78). 

Throughout most of its length, the shaft of the radius is 
triangular in cross-section, with: 


three borders (anterior, posterior, and interosseous); 
and 
three surfaces (anterior, posterior, and lateral). 


The anterior border begins on the medial side of the 
bone as a continuation of the radial tuberosity. In the supe- 
rior third of the bone, it crosses the shaft diagonally, from 
medial to lateral, as the oblique line of the radius. The 
posterior border is distinct only in the middle third of the 
bone. The interosseous border is sharp and is the attach- 
ment site for the interosseous membrane, which links the 
radius to the ulna. 

The anterior and posterior surfaces of the radius are 
generally smooth, whereas an oval roughening for the 
attachment of pronator teres marks approximately the 
middle of the lateral surface of the radius. 

Viewed anteriorly, the distal end of the radius is broad 
and somewhat flattened anteroposteriorly (Fig. 7.78). 
Consequently, the radius has expansive anterior and pos- 
terior surfaces and narrow medial and lateral surfaces. Its 
anterior surface is smooth and unremarkable, except for 
the prominent sharp ridge that forms its lateral margin. 

The posterior surface of the radius is characterized by 
the presence of a large dorsal tubercle, which acts as a 
pulley for the tendon of one of the extensor muscles of the 
thumb (extensor pollicis longus). The medial surface is 
marked by a prominent facet for articulation with the distal 
end of the ulna (Fig. 7.78). The lateral surface of the 
radius is diamond shaped and extends distally as a radial 
styloid process. 

The distal end of the bone is marked by two facets for 
articulation with two carpal bones (the scaphoid and 
lunate). 
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Fig. 7.78 Radius. A. Shaft and distal end of the right radius. B. Radiograph of the forearm (anterior—posterior view). 


Shaft and distal end of ulna 


The shaft of the ulna is broad superiorly where it is con- 
tinuous with the large proximal end and narrow distally to 
form a small distal head (Fig. 7.79). Like the radius, the 
shaft of the ulna is triangular in cross-section and has: 


three borders (anterior, posterior, and interosseous); 
and 
three surfaces (anterior, posterior, and medial). 


The anterior border is smooth and rounded. The 
posterior border is sharp and palpable along its entire 


length. The interosseous border is also sharp and is the 
attachment site for the interosseous membrane, which 
joins the ulna to the radius. 

The anterior surface of the ulna is smooth, except 
distally where there is a prominent linear roughening for 
the attachment of the pronator quadratus muscle. The 
medial surface is smooth and unremarkable. The poste- 
rior surface is marked by lines, which separate different 
regions of muscle attachments to bone. 
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Fig. 7.79 Shaft and distal end of right ulna. 


The distal end of the ulna is small and characterized by 
a rounded head and the ulnar styloid process (Fig. 7.79). 
The anterolateral and distal part of the head is covered by 
articular cartilage. The ulnar styloid process originates 
from the posteromedial aspect of the ulna and projects 
distally. 


Joints 
Distal radio-ulnar joint 


The distal radio-ulnar joint occurs between the articular 
surface of the head of the ulna, with the ulnar notch on the 
end of the radius, and with a fibrous articular disc, which 


In the clinic 


Fractures of the radius and ulna 
The radius and ulna are attached to the humerus 
proximally and the carpal bones distally by a complex 
series of ligaments and muscles. Although they are both 
separate bones in many respects, they behave as one. 
When a severe injury occurs to the forearm it usually 
involves both bones, resulting in either fracture of both 
bones or more commonly a fracture of one bone and a 
dislocation of the other. Commonly, the mechanism of 
injury and the age of the patient determine which of 
these are likely to occur. 

There are three classic injuries to the radius and ulna: 


= Monteggia’s fracture is a fracture of the proximal 
third of the ulna and an anterior dislocation of the 
head of the radius at the elbow; 

= Galeazzi’s fracture is a fracture of the distal third of 
the radius associated with subluxation (partial 
dislocation) of the head of the ulna (distal ulna) at 
the wrist joint; 

= Colles’ fracture is a fracture, and posterior 
displacement, of the distal end of the radius. 


Whenever a fracture of the radius or ulna is 
demonstrated radiographically, further images of the 
elbow and wrist should be obtained to exclude 
dislocations. 


separates the radio-ulnar joint from the wrist joint (Fig. 
7.80). 

The triangular-shaped articular disc is attached by its 
apex to a roughened depression on the ulna between the 
styloid process and the articular surface of the head, and 
by its base to the angular margin of the radius between 
the ulnar notch and the articular surface for the carpal 
bones. 

Synovial membrane is attached to the margins of the 
distal radio-ulnar joint and is covered on its external 
surface by a fibrous joint capsule. 

The distal radio-ulnar joint allows the distal end of the 
radius to move anteromedially over the ulna. 


Interosseous membrane 


The interosseous membrane is a thin fibrous sheet that 
connects the medial and lateral borders of the radius and 
ulna, respectively (Fig. 7.80). Collagen fibers within the 
sheet pass predominantly inferiorly from the radius to the 
ulna. 


The interosseous membrane has a free upper margin, 
which is situated just inferior to the radial tuberosity, 
and a small circular aperture in its distal third. Vessels 
pass between the anterior and posterior compartments 
superior to the upper margin and through the inferior 
aperture. 

The interosseous membrane connects the radius and 
ulna without restricting pronation and supination and 
provides attachment for muscles in the anterior and poste- 
rior compartments. The orientation of fibers in the mem- 
brane is also consistent with its role in transferring forces 
from the radius to the ulna and ultimately, therefore, from 
the hand to the humerus. 


Pronation and supination 


Pronation and supination of the hand occur entirely in the 
forearm and involve rotation of the radius at the elbow and 
movement of the distal end of the radius over the ulna (Fig. 
7.81). 

At the elbow, the superior articular surface of the 
radial head spins on the capitulum while, at the same 
time, the articular surface on the side of the head slides 
against the radial notch of the ulna and adjacent areas 
of the joint capsule and anular ligament of radius. At 
the distal radio-ulnar joint, the ulnar notch of the radius 
slides anteriorly over the convex surface of the head of 
the ulna. During these movements, the bones are held 
together by: 


= the anular ligament of radius at the proximal radio- 
ulnar joint; 

= the interosseous membrane along the lengths of the 
radius and ulna; and 

= the articular disc at the distal radio-ulnar joint (Fig. 
7.81). 


Because the hand articulates predominantly with the 
radius, the translocation of the distal end of the radius 
medially over the ulna moves the hand from the palm- 
anterior (supinated) position to the palm-posterior (pro- 
nated) position. 

Two muscles supinate and two muscles pronate the 
hand (Fig. 7.81). 


Muscles involved in pronation and supination 


Biceps brachii. The biceps brachii muscle, the largest 
of the four muscles that supinate and pronate the hand, is 
a powerful supinator as well as a flexor of the elbow joint. 
It is most effective as a supinator when the forearm is 
flexed. 
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Fig. 7.80 Distal radio-ulnar joint and the interosseous membrane. 
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Upper limb 


Supinator. The second of the muscles involved with supi- 
nation is the supinator muscle. Located in the posterior 
compartment of the forearm, it has a broad origin, from the 
supinator crest of the ulna and the lateral epicondyle of the 
humerus and from ligaments associated with the elbow 
joint. 

The supinator muscle curves around the posterior 
surface and the lateral surface of the upper third of the 
radius to attach to the shaft of the radius superior to the 
oblique line. 

The tendon of the biceps brachii muscle and the supina- 
tor muscle both become wrapped around the proximal end 
of the radius when the hand is pronated (Fig. 7.81). When 
they contract, they unwrap from the bone, producing supi- 
nation of the hand. 


Pronator teres and pronator quadratus. Pronation results 
from the action of the pronator teres and pronator qua- 
dratus muscles (Fig. 7.81). Both these muscles are in the 
anterior compartment of the forearm: 


the pronator teres runs from the medial epicondyle 
of the humerus to the lateral surface of the radius, 
approximately midway along the shaft; 

the pronator quadratus extends between the anterior 
surfaces of the distal ends of the radius and ulna. 
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Fig. 7.81 Pronation and supination. 





Pronated 


When these muscles contract, they pull the distal end of 
the radius over the ulna, resulting in pronation of the hand 
(Fig. 7.81). 


Anconeus. In addition to hinge-like flexion and extension 
at the elbow joint, some abduction of the distal end of the 
ulna also occurs and maintains the position of the palm of 
the hand over a central axis during pronation (Fig. 7.82). 
The muscle involved in this movement is the anconeus 
muscle, which is a triangular muscle in the posterior com- 
partment of the forearm that runs from the lateral epicon- 
dyle to the lateral surface of the proximal end of the ulna. 


ANTERIOR COMPARTMENT 
OF THE FOREARM 


Muscles 


Muscles in the anterior (flexor) compartment of the forearm 
occur in three layers: superficial, intermediate, and deep. 
Generally, these muscles are associated with: 


movements of the wrist joint; 
flexion of the fingers including the thumb; and 
pronation. 





Supinator and 


biceps brachii = 
contract 


Supinated 


Anconeus 












Abduction of 
ulna by anconeus => 
during pronation 





BSqy = = = Ss =z) 
f 
í = 


d 


zn 
Phew 


$ | i ma 
Jk 
€ - ê 


Axis of movement l 
with abduction of ulna 





Fig. 7.82 Abduction of the distal end of the ulna by the anconeus 
during pronation. 





All muscles in the anterior compartment of the forearm 
are innervated by the median nerve, except for the flexor 
carpi ulnaris muscle and the medial half of the flexor digi- 
torum profundus muscle, which are innervated by the 
ulnar nerve. 


Superficial layer 


All four muscles in the superficial layer—the flexor carpi 
ulnaris, palmaris longus, flexor carpi radialis, and pronator 
teres—have a common origin from the medial epicondyle 
of the humerus, and, except for the pronator teres, extend 
distally from the forearm into the hand (Fig. 7.83 and 
Table 7.10). 


Flexor carpi ulnaris 


The flexor carpi ulnaris muscle is the most medial of the 
muscles in the superficial layer of flexors, having a long 
linear origin from the olecranon and posterior border of the 
ulna, in addition to an origin from the medial epicondyle 
of the humerus (Fig. 7.83B). 


Table 7.10 Superficial layer of muscles in the anterior compartment of the forearm (spinal segments indicated in bold are the major 


segments innervating the muscle) 


Muscle Origin Insertion Innervation Function 
Flexor carpi ulnaris  Humeral head—medial Pisiform bone, and then Ulnar nerve [C7, Flexes and adducts the wrist joint 
epicondyle of humerus; ulnar via pisohamate and C8, T1] 
head—olecranon and pisometacarpal ligaments 
posterior border of ulna into the hamate and base 
of metacarpal V 
Palmaris longus Medial epicondyle of humerus Palmar aponeurosis of Median nerve Flexes wrist joint; because the 
hand [C7, C8] palmar aponeurosis anchors skin of 
the hand, contraction of the muscle 
resists shearing forces when 
gripping 
Flexor carpi radialis Medial epicondyle of humerus Base of metacarpals II Median nerve Flexes and abducts the wrist 
and Ill [C6, C7] 
Pronator teres Humeral head—medial Roughening on lateral Median nerve Pronation 
epicondyle and adjacent surface, midshaft, of [C6, C7] 
supraepicondylar ridge; ulnar radius 


head—medial side of coronoid 
process 
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Fig. 7.83 Superficial layer of forearm muscles. A. Superficial muscles (flexor retinaculum not shown). B. Flexor carpi ulnaris muscle. 


flexor carpi ulnaris 


The ulnar nerve enters the anterior compartment of the 
forearm by passing through the triangular gap between 
the humeral and ulnar heads of flexor carpi ulnaris (Fig. 
7.83B). The muscle fibers converge on a tendon that passes 
distally and attaches to the pisiform bone of the wrist. From 
this point, force is transferred to the hamate bone of the 
wrist and to the base of metacarpal V by the pisohamate 
and pisometacarpal ligaments. 

The flexor carpi ulnaris muscle is a powerful flexor and 
adductor of the wrist and is innervated by the ulnar nerve 
(Table 7.10). 


Palmaris longus 


The palmaris longus muscle, which is absent in about 
15% of the population, lies between the flexor carpi ulnaris 
and the flexor carpi radialis muscles (Fig. 7.83A). It is a 
spindle-shaped muscle with a long tendon, which passes 
into the hand and attaches to the flexor retinaculum and 
to a thick layer of deep fascia, the palmar aponeurosis, 
which underlies and is attached to the skin of the palm and 
fingers. 

In addition to its role as an accessory flexor of the wrist 
joint, the palmaris longus muscle also opposes shearing 
forces on the skin of the palm during gripping (Table 
7.10). 


Flexor carpi radialis 


The flexor carpi radialis muscle is lateral to palmaris 
longus and has a large and prominent tendon in the distal 
half of the forearm (Fig. 7.83A and Table 7.10). Unlike the 
tendon of the flexor carpi ulnaris, which forms the medial 
margin of the distal forearm, the tendon of the flexor carpi 
radialis muscle is positioned just lateral to the midline. In 
this position, the tendon can be easily palpated, making it 
an important landmark for finding the pulse in the radial 
artery, which lies immediately lateral to it. 

The tendon of the flexor carpi radialis passes through a 
compartment formed by bone and fascia on the lateral side 
of the anterior surface of the wrist and attaches to the 
anterior surfaces of the bases of metacarpals IT and III. 

The flexor carpi radialis is a powerful flexor of the wrist 
and can also abduct the wrist. 


Pronator teres 


The pronator teres muscle originates from the medial 
epicondyle and supraepicondylar ridge of the humerus and 


from a small linear region on the medial edge of the coro- 
noid process of the ulna (Fig. 7.83A). The median nerve 
often exits the cubital fossa by passing between the humeral 
and ulnar heads of this muscle. The pronator teres crosses 
the forearm and attaches to an oval roughened area on the 
lateral surface of the radius approximately midway along 
the bone. 

The pronator teres forms the medial border of the cubital 
fossa and rotates the radius over the ulna during pronation 
(Table 7.10). 


Intermediate layer 
Flexor digitorum superficialis 


The muscle in the intermediate layer of the anterior com- 
partment of forearm is the flexor digitorum superficia- 
lis muscle (Fig. 7.84). This large muscle has two heads: 


= the humero-ulnar head, which originates mainly from 
the medial epicondyle of the humerus and from the 
adjacent medial edge of the coronoid process of the 
ulna; 

= the radial head, which originates from the anterior 
oblique line of the radius. 


The median nerve and ulnar artery pass deep to the 
flexor digitorum superficialis between the two heads. 

In the distal forearm, the flexor digitorum superficialis 
forms four tendons, which pass through the carpal tunnel 
of the wrist and into the four fingers. The tendons for the 
ring and middle fingers are superficial to the tendons for 
the index and little fingers. 

In the forearm, carpal tunnel, and proximal regions of 
the four fingers, the tendons of the flexor digitorum super- 
ficialis are anterior to the tendons of the flexor digitorum 
profundus muscle. 

Near the base of the proximal phalanx of each finger, 
the tendon of the flexor digitorum superficialis splits into 
two parts to pass dorsally around each side of the tendon 
of the flexor digitorum profundus and ultimately attach to 
the margins of the middle phalanx (Fig. 7.84). 

The flexor digitorum superficialis flexes the metacarpo- 
phalangeal joint and proximal interphalangeal joint of 
each finger; it also flexes the wrist joint (Table 7.11). 
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Fig. 7.85 Deep layer of forearm muscles. 


Deep layer 


There are three deep muscles in the anterior compartment 
of the forearm: the flexor digitorum profundus, flexor pol- 
licis longus, and pronator quadratus (Fig. 7.85). 


Flexor digitorum profundus 


The flexor digitorum profundus muscle originates from 
the anterior and medial surfaces of the ulna and from the 
adjacent half of the anterior surface of the interosseous 
membrane (Fig. 7.85). It gives rise to four tendons, which 
pass through the carpal tunnel into the four medial fingers. 
Throughout most of their course, the tendons are deep to 
the tendons of the flexor digitorum superficialis muscle. 
Opposite the proximal phalanx of each finger, each 
tendon of the flexor digitorum profundus passes through a 
split formed in the overlying tendon of the flexor digitorum 


Table 7.11 


Muscle Origin Insertion 
Humero-ulnar head—medial 
epicondyle of humerus and 
adjacent margin of coronoid 
process; radial head—oblique 


line of radius 


Flexor digitorum 
superficialis 


little fingers 


Four tendons, which attach 
to the palmar surfaces of 
the middle phalanges of the 
index, middle, ring, and 





superficialis muscle and passes distally to insert into the 
anterior surface of the base of the distal phalanx. 
In the palm, the lumbrical muscles originate from the 
sides of the tendons of the flexor digitorum profundus. 
Innervation of the medial and lateral halves of the flexor 
digitorum profundus varies as follows: 


= the lateral half (associated with the index and middle 
fingers) is innervated by the anterior interosseous nerve 
(branch of the median nerve); 

= the medial half (the part associated with the ring and 
little fingers) is innervated by the ulnar nerve. 


The flexor digitorum profundus flexes the metacarpo- 
phalangeal joints and the proximal and distal interphalan- 
geal joints of the four fingers. Because the tendons cross the 
wrist, it can flex the wrist joint as well (Table 7.12). 


Intermediate layer of muscles in the anterior compartment of the forearm 


Innervation Function 


Median nerve 
[C8, T1] 


Flexes proximal interphalangeal joints of 
the index, middle, ring, and little fingers; 
can also flex metacarpophalangeal joints 
of the same fingers and the wrist joint 


Table 7.12 Deep layer of muscles in the anterior compartment of the forearm (spinal segments indicated in bold are the major 


segments innervating the muscle) 


Muscle 


Flexor digitorum 
profundus 


Flexor pollicis longus 


Pronator quadratus 


Origin 
Anterior and medial 
surfaces of ulna and 


anterior medial half of 
interosseous membrane 


Anterior surface of radius 
and radial half of 
interosseous membrane 


Linear ridge on distal 
anterior surface of ulna 


Insertion 


Four tendons, which 
attach to the palmar 
surfaces of the distal 
phalanges of the index, 
middle, ring, and little 
fingers 


Palmar surface of base of 
distal phalanx of thumb 


Distal anterior surface of 
radius 


Innervation 


Lateral half by median 
nerve (anterior interosseous 
nerve); medial half by 

ulnar nerve [C8, T1] 


Median nerve (anterior 
interosseous nerve) [C7, C8] 


Median nerve (anterior 
interosseous nerve) [C7, C8] 


Function 


Flexes distal interphalangeal 
joints of the index, middle, 
ring, and little fingers; can also 
flex metacarpophalangeal 
joints of the same fingers and 
the wrist joint 


Flexes interphalangeal joint of 
the thumb; can also flex 
metacarpophalangeal joint of 
the thumb 


Pronation 
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Upper limb 


Flexor pollicis longus 


The flexor pollicis longus muscle originates from the 
anterior surface of the radius and the adjacent half of the 
anterior surface of the interosseous membrane (Fig. 7.85). 
It is a powerful muscle and forms a single large tendon, 
which passes through the carpal tunnel, lateral to the 
tendons of the flexor digitorum superficialis and flexor digi- 
torum profundus muscles, and into the thumb where it 
attaches to the base of the distal phalanx. 

The flexor pollicis longus flexes the thumb and is inner- 
vated by the anterior interosseous nerve (branch of the 
median nerve) (Table 7.12). 


Pronator quadratus 


The pronator quadratus muscle is a flat square-shaped 
muscle in the distal forearm (Fig. 7.85). It originates from 
a linear ridge on the anterior surface of the lower end of 
the ulna and passes laterally to insert onto the flat anterior 
surface of the radius. It lies deep to, and is crossed by, the 
tendons of the flexor digitorum profundus and flexor polli- 
cis longus muscles. 

The pronator quadratus muscle pulls the distal end of 
the radius anteriorly over the ulna during pronation and 
is innervated by the anterior interosseous nerve (branch of 
the median nerve) (Table 7.12). 


Arteries and veins 


The largest arteries in the forearm are in the anterior com- 
partment, pass distally to supply the hand, and give rise to 
vessels that supply the posterior compartment (Fig. 7.86). 

The brachial artery enters the forearm from the arm by 
passing through the cubital fossa. At the apex of the cubital 
fossa, it divides into its two major branches, the radial and 
ulnar arteries. 


Radial artery 


The radial artery originates from the brachial artery at 
approximately the neck of the radius and passes along the 
lateral aspect of the forearm (Fig. 7.86). It is: 


= just deep to the brachioradialis muscle in the proximal 
half of the forearm; 
related on its lateral side to the superficial branch of the 
radial nerve in the middle third of the forearm; 

= medial to the tendon of the brachioradialis muscle and 
covered only by deep fascia, superficial fascia, and skin 
in the distal forearm. 


In the distal forearm, the radial artery lies immediately 
lateral to the large tendon of the flexor carpi radialis muscle 
and directly anterior to the pronator quadratus muscle and 


the distal end of the radius (Fig. 7.86). In the distal forearm, 
the radial artery can be located using the flexor carpi radia- 
lis muscle as a landmark. The radial pulse can be felt by 
gently palpating the radial artery against the underlying 
muscle and bone. 

The radial artery leaves the forearm, passes around the 
lateral side of the wrist, and penetrates the posterolateral 
aspect of the hand between the bases of metacarpals I and 
II (Fig. 7.86). Branches of the radial artery in the hand 
often provide the major blood supply to the thumb and 
lateral side of the index finger. 
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Fig. 7.86 Arteries of the anterior compartment of the forearm. 


Regional anatomy ° Anterior compartment of the forearm 


Branches of the radial artery originating in the forearm 
include: 


a radial recurrent artery, which contributes to an 
anastomotic network around the elbow joint and to 
numerous vessels that supply muscles on the lateral 
side of the forearm (see Fig. 7.66B); 

a small palmar carpal branch contributes to an anas- 
tomotic network of vessels that supply the carpal bones 
and joints; 

a somewhat larger branch, the superficial palmar 
branch enters the hand by passing through, or super- 
ficial to, the thenar muscles at the base of the thumb 
(Fig. 7.86), which anastomoses with the superficial 
palmar arch formed by the ulnar artery. 


Ulnar artery 


The ulnar artery is larger than the radial artery and passes 
down the medial side of the forearm (Fig. 7.86). It leaves 
the cubital fossa by passing deep to the pronator teres 
muscle, and then passes through the forearm in the fascial 
plane between the flexor carpi ulnaris and flexor digitorum 
profundus muscles. 

In the distal forearm, the ulnar artery often remains 
tucked under the anterolateral lip of the flexor carpi ulnaris 
tendon, and is therefore not easily palpable. 

In distal regions of the forearm, the ulnar nerve is imme- 
diately medial to the ulnar artery. 

The ulnar artery leaves the forearm, enters the hand by 
passing lateral to the pisiform bone and superficial to the 
flexor retinaculum of the wrist, and arches over the palm 
(Fig. 7.86). It is often the major blood supply to the medial 
three and one-half digits. 

Branches of the ulnar artery that arise in the forearm 
include: 


the ulnar recurrent artery with anterior and pos- 
terior branches, which contribute to an anastomotic 
network of vessels around the elbow joint; 

numerous muscular arteries, which supply surround- 
ing muscles; 

the common interosseous artery, which divides into 
anterior and posterior interosseous arteries (Fig. 7.86); 
and 

two small carpal arteries (dorsal carpal branch and 
palmar carpal branch), which supply the wrist. 


The posterior interosseous artery passes dorsally 
over the proximal margin of the interosseous membrane 
into the posterior compartment of the forearm. 

The anterior interosseous artery passes distally 
along the anterior aspect of the interosseous membrane 


and supplies muscles of the deep compartment of the 
forearm and the radius and ulna. It has numerous branches, 
which perforate the interosseous membrane to supply deep 
muscles of the posterior compartment; it also has a small 
branch, which contributes to the vascular network around 
the carpal bones and joints. Perforating the interosseous 
membrane in the distal forearm, the anterior interosseous 
artery terminates by joining the posterior interosseous 
artery. 


Veins 


Deep veins of the anterior compartment generally accom- 
pany the arteries and ultimately drain into brachial veins 
associated with the brachial artery in the cubital fossa. 


Nerves 


Nerves in the anterior compartment of the forearm are 
the median and ulnar nerves, and the superficial branch of 
the radial nerve (Fig. 7.87). 


Median nerve 


The median nerve innervates the muscles in the anterior 
compartment of the forearm except for the flexor carpi 
ulnaris and the medial part of the flexor digitorum profun- 
dus (ring and little fingers). It leaves the cubital fossa by 
passing between the two heads of the pronator teres muscle 
and passing between the humero-ulnar and radial heads 
of the flexor digitorum superficialis muscle (Fig. 7.87). 

The median nerve continues a straight linear course 
distally down the forearm in the fascia on the deep surface 
of the flexor digitorum superficialis muscle. Just proximal 
to the wrist, it moves around the lateral side of the muscle 
and becomes more superficial in position, lying between 
the tendons of the palmaris longus and flexor carpi radialis 
muscles. It leaves the forearm and enters the palm of the 
hand by passing through the carpal tunnel deep to the 
flexor retinaculum. 

Most branches to the muscles in the superficial and 
intermediate layers of the forearm originate medially from 
the nerve just distal to the elbow joint. 


The largest branch of the median nerve in the forearm 
is the anterior interosseous nerve, which originates 
between the two heads of the pronator teres, passes dis- 
tally down the forearm with the anterior interosseous 
artery, innervatesthemusclesinthedeeplayer (the flexor 
pollicis longus, the lateral half of flexor digitorum profun- 
dus, and pronator quadratus) andterminates as articular 
branches to joints of the distal forearm and wrist. 

A small palmar branch originates from the median 
nerve in the distal forearm immediately proximal to the 
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flexor retinaculum (Fig. 7.87), passes superficially into 
the hand and innervates the skin over the base and 
central palm. This palmar branch is spared in carpal 
tunnel syndrome because it passes into the hand super- 
ficial to the flexor retinaculum of the wrist. 


Ulnar nerve 


The ulnar nerve passes through the forearm and into the 
hand, where most of its major branches occur. In the 
forearm, the ulnar nerve innervates only the flexor carpi 
ulnaris muscle and the medial part (ring and little fingers) 
of the flexor digitorum profundus muscle (Fig. 7.87). 

The ulnar nerve enters the anterior compartment of the 
forearm by passing posteriorly around the medial epicon- 
dyle of the humerus and between the humeral and ulnar 
heads of the flexor carpi ulnaris muscle. After passing 
down the medial side of the forearm in the plane between 
the flexor carpi ulnaris and the flexor digitorum profundus 
muscles, it lies under the lateral lip of the tendon of the 
flexor carpi ulnaris proximal to the wrist. 

The ulnar artery is lateral to the ulnar nerve in the distal 
two-thirds of the forearm, and both the ulnar artery and 
nerve enter the hand by passing superficial to the flexor 
retinaculum and immediately lateral to the pisiform bone 
(Fig. 7.87). 

In the forearm the ulnar nerve gives rise to: 


muscular branches to the flexor carpi ulnaris and to 
the medial half of the flexor digitorum profundus that 
arise soon after the ulnar nerve enters the forearm; and 
two small cutaneous branches—the palmar branch 
originates in the middle of the forearm and passes into 
the hand to supply skin on the medial side of the palm; 
the larger dorsal branch originates from the ulnar 
nerve in the distal forearm and passes posteriorly deep 
to the tendon of the flexor carpi ulnaris and innervates 
skin on the posteromedial side of the back of the hand 
and most skin on the posterior surfaces of the medial 
one and one-half digits. 


Radial nerve 


The radial nerve bifurcates into deep and superficial 
branches under the margin of the brachioradialis muscle 
in the lateral border of the cubital fossa (Fig. 7.87). 


= The deep branch is predominantly motor and passes 
between the two heads of the supinator muscle to access 
and supply muscles in the posterior compartment of the 
forearm. 

The superficial branch of the radial nerve is sensory. 
It passes down the anterolateral aspect of the forearm 
deep to the brachioradialis muscle and in association 
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Fig. 7.87 Nerves of anterior forearm. 


with the radial artery. Approximately two-thirds of the 
way down the forearm, the superficial branch of the 
radial nerve passes laterally and posteriorly around 
the radial side of the forearm deep to the tendon of the 
brachioradialis. The nerve continues into the hand 
where it innervates skin on the posterolateral surface. 


Regional anatomy ° Posterior compartment of the forearm 





POSTERIOR COMPARTMENT 
OF THE FOREARM 


Muscles 


Muscles in the posterior compartment of the forearm occur 
in two layers: a superficial and a deep layer. The muscles 
are associated with: 


Brachioradialis 


The brachioradialis muscle originates from the proximal 
part of the supraepicondylar ridge of the humerus and 
passes through the forearm to insert on the lateral side of 
the distal end of the radius just proximal to the radial 
styloid process (Fig. 7.88). 

In the anatomical position, the brachioradialis is part of 
the muscle mass overlying the anterolateral surface of the 
forearm and forms the lateral boundary of the cubital 
fossa. 

Because the brachioradialis is anterior to the elbow 
joint, it acts as an accessory flexor of this joint even though 
it is in the posterior compartment of the forearm. Its action 
is most efficient when the forearm is midpronated and it 
forms a prominent bulge as it acts against resistance. 


movement of the wrist joint; 
extension of the fingers and thumb; and 
supination. 


All muscles in the posterior compartment of the forearm 
are innervated by the radial nerve. 


Superficial layer 


The seven muscles in the superficial layer are the brachio- 
radialis, extensor carpiradialis longus, extensor carpiradia- 
lis brevis, extensor digitorum, extensor digiti minimi, 
extensor carpi ulnaris, and anconeus (Fig. 7.88). All havea 
common origin from the supraepicondylar ridge and lateral 
epicondyle of the humerus and, except for the brachioradia- 
lis and anconeus, extend as tendons into the hand. 


The radial nerve emerges from the posterior compart- 
ment of the arm just deep to the brachioradialis in the distal 
arm and innervates the brachioradialis. Lateral to the 
cubital fossa, the brachioradialis lies over the radial nerve 
and its bifurcation into deep and superficial branches. In 
more distal regions, the brachioradialis lies over the super- 
ficial branch of the radial nerve and radial artery (Table 


7.13). 


Table 7.13 Superficial layer of muscles in the posterior compartment of the forearm (spinal segments indicated in bold are the major 


segments innervating the muscle) 


Muscle 


Brachioradialis 


Extensor carpi 
radialis longus 


Extensor carpi 
radialis brevis 


Extensor 
digitorum 


Extensor digiti 
minimi 


Extensor carpi 
ulnaris 


Anconeus 


Origin 
Proximal part of lateral 
supraepicondylar ridge of 


humerus and adjacent 
intermuscular septum 


Distal part of lateral 
supraepicondylar ridge of 
humerus and adjacent 
intermuscular septum 


Lateral epicondyle of humerus 
and adjacent intermuscular 
septum 


Lateral epicondyle of humerus 
and adjacent intermuscular 
septum and deep fascia 


Lateral epicondyle of humerus 
and adjacent intermuscular 
septum together with 
extensor digitorum 


Lateral epicondyle of humerus 
and posterior border of ulna 


Lateral epicondyle of humerus 


Insertion 


Lateral surface of distal end of 
radius 


Dorsal surface of base of 
metacarpal Il 


Dorsal surface of base of 
metacarpals II and Ill 


Four tendons, which insert via 
extensor hoods into the dorsal 
aspects of the bases of the 
middle and distal phalanges of 
the index, middle, ring, and 
little fingers 


Extensor hood of the little 
finger 


Tubercle on the base of the 
medial side of metacarpal V 


Olecranon and proximal 
posterior surface of ulna 


Innervation 


Radial nerve [C5, C6] before 
division into superficial and 
deep branches 


Radial nerve [C6, C7] before 
division into superficial and 
deep branches 


Deep branch of radial nerve 
[C7, C8] before penetrating 
supinator muscle 


Posterior interosseous nerve 
[C7, C8] 


Posterior interosseous nerve 
[C7, C8] 


Posterior interosseous nerve 
[C7, C8] 


Radial nerve [C6, C7, C8] 
(via branch to medial head 
of triceps brachii) 


Function 


Accessory flexor of elbow 
joint when forearm is 
midpronated 


Extends and abducts the 
wrist 


Extends and abducts the 
wrist 


Extends the index, middle, 
ring, and little fingers; can 
also extend the wrist 


Extends the little finger 


Extends and adducts the 
wrist 


Abduction of the ulna in 
pronation; accessory 
extensor of the elbow joint 
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Fig. 7.88 Superficial layer of muscles in the posterior compartment of the forearm. A. Brachioradialis muscle (anterior view). B. Superficial 
muscles (posterior view). 
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Extensor carpi radialis longus 


The extensor carpi radialis longus muscle originates 
from the distal part of the supraepicondylar ridge and the 
lateral epicondyle of the humerus; its tendon inserts on the 
dorsal surface of the base of metacarpal II (Fig. 7.88). In 
proximal regions, it is deep to the brachioradialis muscle. 

The extensor carpi radialis longus muscle extends and 
abducts the wrist, and is innervated by the radial nerve 
before the nerve divides into superficial and deep branches 
(Table 7.13). 


Extensor carpi radialis brevis 


The extensor carpi radialis brevis muscle originates 
from the lateral epicondyle of the humerus, and the tendon 
inserts onto adjacent dorsal surfaces of the bases of meta- 
carpals II and III (Fig. 7.88). Along much of its course, the 
extensor carpi radialis brevis lies deep to the extensor carpi 
radialis longus. 

The extensor carpi radialis brevis muscle extends and 
abducts the wrist, and is innervated by the deep branch of 
the radial nerve before the nerve passes between the two 
heads of the supinator muscle (Table 7.13). 


Extensor digitorum 


The extensor digitorum muscle is the major extensor of the 
four fingers (index, middle, ring, and little fingers). It origi- 
nates from the lateral epicondyle of the humerus and forms 
four tendons, each of which passes into a finger (Fig. 7.88). 

On the dorsal surface of the hand, adjacent tendons of 
the extensor digitorum are interconnected. In the fingers, 
each tendon inserts, via a triangular-shaped connective 
tissue aponeurosis (the extensor hood), into the base of the 
dorsal surfaces of the middle and distal phalanges. 

The extensor digitorum muscle is innervated by the pos- 
terior interosseous nerve, which is the continuation of the 
deep branch of the radial nerve after it emerges from the 
supinator muscle (Table 7.13). 


Extensor digiti minimi 


The extensor digiti minimi muscle is an accessory exten- 
sor of the little finger and is medial to the extensor digito- 
rumin the forearm (Fig. 7.88). It originates from the lateral 
epicondyle of the humerus and inserts, together with the 
tendon of the extensor digitorum, into the extensor hood 
of the little finger. 

The extensor digiti minimi is innervated by the posterior 
interosseous nerve (Table 7.13). 


Extensor carpi ulnaris 


The extensor carpi ulnaris muscle is medial to the exten- 
sor digiti minimi (Fig. 7.88). It originates from the lateral 
epicondyle, and its tendon inserts into the medial side of 
the base of metacarpal V. 


The extensor carpi ulnaris extends and adducts the 
wrist, and is innervated by the posterior interosseous nerve 
(Table 7.13). 


Anconeus 


The anconeus muscle is the most medial of the superficial 
extensors and has a triangular shape. It originates from the 
lateral epicondyle of the humerus and has a broad inser- 
tion into the posterolateral surface of the olecranon and 
related posterior surface of the ulna (see Fig. 7.82). 

The anconeus abducts the ulna during pronation to 
maintain the center of the palm over the same point when 
the hand is flipped. It is also considered to be an accessory 
extensor of the elbow joint. 

The anconeus is innervated by the branch of the radial 
nerve that innervates the medial head of the triceps brachii 
muscle (Table 7.13). 


Deep layer 


The deep layer of the posterior compartment of the forearm 
consists of five muscles: supinator, abductor pollicis longus, 
extensor pollicis brevis, extensor pollicis longus, and exten- 
sor indicis (Fig. 7.89). 

Except for the supinator muscle, all these deep layer 
muscles originate from the posterior surfaces of the radius, 
ulna, and interosseous membrane and pass into the thumb 
and fingers. 


= Three of these muscles—the abductor pollicis longus, 
extensor pollicis brevis, and extensor pollicis longus— 
emerge from between the extensor digitorum and the 
extensor carpi radialis brevis tendons of the superficial 
layer and pass into the thumb. 

= Two of the three “outcropping” muscles (the abductor 
pollicis longus and extensor pollicis brevis) form a dis- 
tinct muscular bulge in the distal posterolateral surface 
of the forearm. 


All muscles of the deep layer are innervated by the pos- 
terior interosseous nerve, the continuation of the deep 
branch of the radial nerve. 


Supinator 


The supinator muscle has two heads of origin, which 
insert together on the proximal aspect of the radius (Fig. 
7.89): 


= the superficial (humeral) head originates mainly from 
the lateral epicondyle of the humerus and the related 
anular ligament and the radial collateral ligament of 
the elbow joint; 

=m the deep (ulnar) head originates mainly from the supi- 
nator crest on the posterolateral surface of the ulna. 
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From their sites of origin, the two heads wrap around 
the posterior and lateral aspect of the head, neck, and prox- 
imal shaft of the radius to insert on the lateral surface of 
the radius superior to the anterior oblique line and to the 
insertion of the pronator teres muscle. 

The supinator muscle supinates the forearm and hand. 

The deep branch of the radial nerve innervates the supi- 
nator muscle and passes to the posterior compartment 
of the forearm by passing between the two heads of this 
muscle (Table 7.14). 


Abductor pollicis longus 


The abductor pollicis longus muscle originates from the 
proximal posterior surfaces of the radius and the ulna and 
from the related interosseous membrane (Fig. 7.89). In the 
distal forearm, it emerges between the extensor digitorum 
and extensor carpi radialis brevis muscles to form a tendon 
that passes into the thumb and inserts on the lateral side 
of the base of metacarpal I. The tendon contributes to the 
lateral border of the anatomical snuffbox at the wrist. 

The major function of the abductor pollicis longus is to 
abduct the thumb at the joint between metacarpal I and 
trapezium bones (Table 7.14). 


Extensor pollicis brevis 


The extensor pollicis brevis muscle arises distal to the 
origin of the abductor pollicis longus from the posterior 


surface of the radius and interosseous membrane (Fig. 
7.89). Together with the abductor pollicis longus, it 
emerges between the extensor digitorum and extensor 
carpi radialis brevis muscles to form a bulge on the postero- 
lateral surface of the distal forearm. The tendon of the 
extensor pollicis brevis passes into the thumb and inserts 
on the dorsal surface of the base of the proximal phalanx. 
At the wrist, the tendon contributes to the lateral border of 
the anatomical snuffbox. 

The extensor pollicis brevis extends the metacarpopha- 
langeal and carpometacarpal joints of the thumb (Table 
7.14). 


Extensor pollicis longus 


The extensor pollicis longus muscle originates from the 
posterior surface of the ulna and adjacent interosseous 
membrane and inserts via a long tendon into the dorsal 
surface of the distal phalanx of the thumb (Fig. 7.89). Like 
the abductor pollicis longus and extensor pollicis brevis, 
the tendon of this muscle emerges between the extensor 
digitorum and the extensor carpi radialis brevis muscles. 
However, it is held away from the other two deep muscles 
of the thumb by passing medially around the dorsal tuber- 
cle on the distal end of the radius. The tendon forms the 
medial margin of the anatomical snuffbox at the wrist. 

The extensor pollicis longus extends all joints of the 
thumb (Table 7.14). 


Table 7.14 Deep layer of muscles in the posterior compartment of the forearm (spinal segments indicated in bold are the major 


segments innervating the muscle) 





Muscle Origin Insertion Innervation Function 
Supinator Superficial part—lateral epicondyle of Lateral surface of Posterior interosseous Supination 
humerus, radial collateral and anular radius superior to the nerve [C6, C7] 
ligaments; deep part—supinator crest anterior oblique line 
of the ulna 
Abductor Posterior surfaces of ulna and radius Lateral side of base of | Posterior interosseous Abducts carpometacarpal joint 


pollicis longus 


Extensor 
pollicis brevis 


Extensor 
pollicis longus 


Extensor indicis 


(distal to the attachments of 
supinator and anconeus), and 
intervening interosseous membrane 


Posterior surface of radius (distal to 
abductor pollicis longus) and the 
adjacent interosseous membrane 


Posterior surface of ulna (distal to the 
abductor pollicis longus) and the 
adjacent interosseous membrane 


Posterior surface of ulna (distal to 
extensor pollicis longus) and adjacent 
interosseous membrane 


metacarpal | 


Dorsal surface of 
base of proximal 
phalanx of the thumb 


Dorsal surface of 
base of distal phalanx 
of thumb 


Extensor hood of 
index finger 


nerve [C7, C8] 


Posterior interosseous 
nerve [C7, C8] 


Posterior interosseous 
nerve [C7, C8] 


Posterior interosseous 
nerve [C7, C8] 


of thumb; accessory extensor of 
the thumb 


Extends metacarpophalangeal 
joint of the thumb; can also 
extend the carpometacarpal 
joint of the thumb 


Extends interphalangeal joint of 
the thumb; can also extend 
carpometacarpal and 
metacarpophalangeal joints of 
the thumb 


Extends index finger 
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Extensor indicis 


The extensor indicis muscle is an accessory extensor of 
the index finger. It originates distal to the extensor pollicis 
longus from the posterior surface of the ulna and adjacent 
interosseous membrane (Fig. 7.89). The tendon passes into 
the hand and inserts into the extensor hood of the index 
finger with the tendon of the extensor digitorum (Table 
7.14). 
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Fig. 7.90 Radial nerve in posterior compartment of forearm. 





Posterior interosseous artery 


The posterior interosseous artery originates in the anterior 
compartment from the common interosseous branch of the 
ulnar artery and passes posteriorly over the proximal 
margin of the interosseous membrane and into the poste- 
rior compartment of the forearm. It contributes a branch, 
the recurrent interosseous artery, to the vascular 
network around the elbow joint and then passes between 
the supinator and abductor pollicis longus muscles to 
supply the superficial extensors. After receiving the termi- 
nal end of the anterior interosseous artery, the posterior 
interosseous artery terminates by joining the dorsal carpal 
arch of the wrist. 


Anterior interosseous artery 


The anterior interosseous artery, also a branch of the 
common interosseous branch of the ulnar artery, is situ- 
ated in the anterior compartment of the forearm on the 
interosseous membrane. It has numerous perforating 
branches, which pass directly through the interosseous 
membrane to supply deep muscles of the posterior com- 
partment. The terminal end of the anterior interosseous 
artery passes posteriorly through an aperture in the inter- 
osseous membrane in distal regions of the forearm to join 
the posterior interosseous artery. 


Radial artery 


The radial artery has muscular branches, which contrib- 
ute to the supply of the extensor muscles on the radial side 
of the forearm. 


Veins 


Deep veins of the posterior compartment generally accom- 
pany the arteries. They ultimately drain into brachial veins 
associated with the brachial artery in the cubital fossa. 


Nerves 
Radial nerve 


The nerve of the posterior compartment of the forearm is 
the radial nerve (Fig. 7.90). Most of the muscles are inner- 
vated by the deep branch, which originates from the radial 
nerve in the lateral wall of the cubital fossa deep to the 
brachioradialis muscle and becomes the posterior inter- 
osseous nerve after emerging from between the two 
heads of the supinator muscle in the posterior compart- 
ment of the forearm. 

In the lateral wall of the cubital fossa, and before divid- 
ing into superficial and deep branches, the radial nerve 
innervates the brachioradialis and extensor carpi radialis 
longus muscles. 


The deep branch innervates the extensor carpi radialis 

brevis, then passes between the two heads of the supinator 
muscle and follows the plane of separation between the 
two heads dorsally and laterally around the proximal shaft 
of the radius to the posterior aspect of the forearm. It sup- 
plies the supinator muscle and then emerges, as the poste- 
rior interosseous nerve, from the muscle to lie between the 
superficial and deep layers of muscles. 
The posterior interosseous nerve supplies the remaining 
muscles in the posterior compartment and terminates as 
articular branches, which pass deep to the extensor pollicis 
longus muscle to reach the wrist. 


HAND 


The hand (Fig. 7.91) is the region of the upper limb distal 
to the wrist joint. It is subdivided into three parts: 


= the wrist (carpus); 
= the metacarpus; 
= and the digits (five fingers including the thumb). 
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Fig. 7.91 Hand. The fingers are shown in a normal resting arcade 
in which they are flexed. In the anatomical position, the digits are 
straight and adducted. 
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Upper limb 


The five digits consist of the laterally positioned thumb 
and, medial to the thumb, the four fingers—the index, 
middle, ring, and little fingers. 

In the normal resting position, the fingers form a flexed 
arcade, with the little finger flexed most and the index 
finger flexed least. In the anatomical position, the fingers 
are extended. 

The hand has an anterior surface (palm) and a dorsal 
surface (dorsum of hand). 

Abduction and adduction of the fingers are defined with 
respect to the long axis of the middle finger (Fig. 7.91). In 
the anatomical position, the long axis of the thumb is 
rotated 90° to the rest of the digits so that the pad of the 
thumb points medially; consequently, movements of the 
thumb are defined at right angles to the movements of 
the other digits of the hand. 

The hand is a mechanical and sensory tool. Many of the 
features of the upper limb are designed to facilitate posi- 
tioning the hand in space. 


Bones 


There are three groups of bones in the hand: 


the eight carpal bones are the bones of the wrist; 

the five metacarpals (I to V) are the bones of the 
metacarpus; 

the phalanges are the bones of the digits—the thumb 
has only two, the rest of the digits have three (Fig. 
7:92). 


The carpal bones and metacarpals of the index, middle, 
ring, and little fingers (metacarpals II to V) tend to function 
as a unit and form much of the bony framework of the 
palm. The metacarpal bone of the thumb functions inde- 
pendently and has increased flexibility at the carpometa- 
carpal joint to provide opposition of the thumb to the 
fingers. 


Carpal bones 


The small carpal bones of the wrist are arranged in two 
rows, a proximal and a distal row, each consisting of four 
bones (Fig. 7.92). 


Proximal row 


From lateral to medial and when viewed from anteriorly, 
the proximal row of bones consists of: 


the boat-shaped scaphoid; 

the lunate, which has a crescent shape; 
the three-sided triquetrum bone; and 
the pea-shaped pisiform (Fig. 7.92). 


The pisiform is a sesamoid bone in the tendon of the 
flexor carpi ulnaris and articulates with the anterior surface 
of the triquetrum. 

The scaphoid has a prominent tubercle on its lateral 
palmar surface that is directed anteriorly. 


Distal row 


From lateral to medial and when viewed from anteriorly, 
the distal row of carpal bones consists of: 


the irregular four-sided trapezium bone; 
the four-sided trapezoid; 

the capitate, which has a head; and 

the hamate, which has a hook (Fig. 7.92). 


The trapezium articulates with the metacarpal bone 
of the thumb and has a distinct tubercle on its palmar 
surface that projects anteriorly. 

The largest of the carpal bones, the capitate, articulates 
with the base of metacarpal III. 

The hamate, which is positioned just lateral and distal 
to the pisiform, has a prominent hook (hook of hamate) 
on its palmar surface that projects anteriorly. 


Articular surfaces 


The carpal bones have numerous articular surfaces (Fig. 
7.92). All of them articulate with each other, and the 
carpal bones in the distal row articulate with the metacar- 
pals of the digits. With the exception of the metacarpal of 
the thumb, all movements of the metacarpal bones on the 
carpal bones are limited. 

The expansive proximal surfaces of the scaphoid and 
lunate articulate with the radius to form the wrist joint. 


Carpal arch 


The carpal bones do not lie in a flat plane; rather, they form 
an arch, whose base is directed anteriorly (Fig. 7.92). The 
lateral side of this base is formed by the tubercles of the 
scaphoid and trapezium. The medial side is formed by 
the pisiform and the hook of hamate. 

The flexor retinaculum attaches to, and spans the dis- 
tance between, the medial and lateral sides of the base to 
form the anterior wall of the so-called carpal tunnel. The 
sides and roof of the carpal tunnel are formed by the arch 
of the carpal bones. 


Metacarpals 


Each of the five metacarpal bones is related to one digit: 


metacarpal I is related to the thumb; 
metacarpals II to V are related to the index, middle, 
ring, and little fingers, respectively (Fig. 7.92). 










w h 


6 = 
| 


—— distal 


— middle 








— proximal 


Phalanges 


* / — distal 


FN 


iia |l 


4 


J| —— proximal 


Metacarpals 









Capitate 





Hook of 

hamate Trapezoid 

Hamate Tubercle of trapezium 

Carpal bones 
Pisiform Trapezium Carpal bones 
Triquetrum Tubercle of scaphoid 
Scaphoid 
Lunate 
Wrist joint 
Ulna Radius 





Pisiform Tubercle 
Triquetrum Mapes 
Trapezoid 

Hamate Capitate 





Carpal arch 
Carpal arch 


Fig. 7.92 Hand and wrist joint. A. Bones. (Continued) 


753 





Upper limb 


Phalanges 


Metacarpals 


Carpal 
bones 


vl 


Ulna nma 





C 


Triquetrum Lunate Scaphoid 





Ulna Articular disc Radius 


Fig. 7.92, cont’d Hand and wrist joint. B. Radiograph of a normal hand and wrist joint (anterior—posterior view). C. Magnetic resonance 


image of a normal wrist joint in the coronal plane. 


Each metacarpal consists of a base, a shaft (body), and 
distally, a head. 

All of the bases of the metacarpals articulate with the 
carpal bones; in addition, the bases of the metacarpal bones 
of the fingers articulate with each other. 

All of the heads of the metacarpal bones articulate with 
the proximal phalanges of the digits. The heads form the 
knuckles on the dorsal surface of the hand when the fingers 
are flexed. 


Phalanges 
The phalanges are the bones of the digits (Fig. 7.92): 


the thumb has two—a proximal and a distal 
phalanx; 

the rest of the digits have three—a proximal, a middle, 
and a distal phalanx. 


Each phalanx has a base, a shaft (body), and distally, 
a head. 
The base of each proximal phalanx articulates with the 


/54 head of the related metacarpal bone. 


The head of each distal phalanx is nonarticular and 
flattened into a crescent-shaped palmar tuberosity, which 
lies under the palmar pad at the end of the digit. 


Joints 

Wrist joint 

The wrist joint is a synovial joint between the distal end 
of the radius and the articular disc overlying the distal end 
of the ulna, and the scaphoid, lunate, and triquetrum (Fig. 
7.92). Together, the articular surfaces of the carpals form 
an oval shape with a convex contour, which articulates 
with the corresponding concave surface of the radius and 
articular disc. 

The wrist joint allows movement around two axes. The 
hand can be abducted, adducted, flexed, and extended at 
the wrist joint. 

Because the radial styloid process extends further 
distally than does the ulnar styloid process, the hand 
can be adducted to a greater degree than it can be 
abducted. 


The capsule of the wrist joint is reinforced by palmar 
radiocarpal, palmar ulnocarpal, and dorsal radiocar- 
pal ligaments. In addition, radial and ulnar collateral 
ligaments of the wrist joint span the distance between 
the styloid processes of the radius and ulna and the adja- 
cent carpal bones. These ligaments reinforce the medial 
and lateral sides of the wrist joint and support them during 
flexion and extension. 


Carpal joints 

The synovial joints between the carpal bones share a 
common articular cavity. The joint capsule of the joints is 
reinforced by numerous ligaments. 

Although movement at the carpal joints (intercarpal 
joints) is limited, they do contribute to the positioning of 
the hand in abduction, adduction, flexion, and, particu- 
larly, extension. 


Carpometacarpal joints 


There are five carpometacarpal joints between the meta- 
carpals and the related distal row of carpal bones (Fig. 
7.92). 

The saddle joint, between metacarpal I and the trape- 
zium, imparts a wide range of mobility to the thumb that 
is not a feature of the rest of the digits. Movements at this 
carpometacarpal joint are flexion, extension, abduction, 
adduction, rotation, and circumduction. 

The carpometacarpal joints between metacarpals II to 
V and the carpal bones are much less mobile than the car- 
pometacarpal joint of the thumb, allowing only limited 
gliding movements. Movement of the joints increases medi- 
ally, so metacarpal V slides to the greatest degree. This can 
be best observed on the dorsal surface of the hand as it 
makes a fist. 


Metacarpophalangeal joints 


The joints between the distal heads of the metacarpals and 
the proximal phalanges of the digits are condylar joints, 
which allow flexion, extension, abduction, adduction, cir- 
cumduction, and limited rotation (Fig. 7.92). The capsule 
of each joint is reinforced by the palmar ligament and by 
medial and lateral collateral ligaments. 


Deep transverse metacarpal ligaments 


The three deep transverse metacarpal ligaments (Fig. 
7.93) are thick bands of connective tissue connecting the 
palmar ligaments of the metacarpophalangeal joints of the 
fingers to each other. They are important because, by 
linking the heads of the metacarpal bones together, they 
restrict the movement of these bones relative to each other. 
As aresult, they help form a unified skeletal framework for 
the palm of the hand. 
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Fig. 7.93 Deep transverse metacarpal ligaments. 


Significantly, a deep transverse metacarpal ligament 
does not occur between the palmar ligament of the meta- 
carpophalangeal joint of the thumb and the palmar liga- 
ment of the index finger. The absence of this ligament, and 
the presence of a saddle joint between metacarpal I and the 
trapezium, are responsible for the increased mobility of the 
thumb relative to the rest of the digits of the hand. 


Interphalangeal joints of hand 


The interphalangeal joints of the hand are hinge joints 
that allow mainly flexion and extension. They are rein- 
forced by medial and lateral collateral ligaments and 
palmar ligaments. 
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Upper limb 


In the clinic 


Fracture of the scaphoid and avascular necrosis of 
the proximal scaphoid 

The commonest carpal injury is a fracture across the waist 
of the scaphoid bone (Fig. 7.94). It is uncommon to see 
other injuries. In approximately 10% of individuals, the 
scaphoid bone has a sole blood supply from the radial 


A 
Hamate Capitate Trapezium 
Pisiform Trapezoid 





Ulna 
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artery, which enters through the distal portion of the bone 
to supply the proximal portion. When a fracture occurs 
across the waist of the scaphoid, the proximal portion 
therefore undergoes avascular necrosis. It is impossible to 
predict which patients have this blood supply. 





Fracture 


Fig. 7.94 Wrist radiographs (posterior—anterior view). A. Normal. B. Scaphoid fracture. 


Carpal tunnel and structures 
at the wrist 


The carpal tunnel is formed anteriorly at the wrist by a 
deep arch formed by the carpal bones and the flexor reti- 
naculum (Fig. 7.92). 

The base of the carpal arch is formed medially by the 
pisiform and the hook of the hamate and laterally by the 
tubercles of the scaphoid and trapezium. 

The flexor retinaculum is a thick connective tissue liga- 
ment that bridges the space between the medial and lateral 
sides of the base of the arch and converts the carpal arch 
into the carpal tunnel. 


The four tendons of the flexor digitorum profundus, the 
four tendons of the flexor digitorum superficialis, and the 
tendon of the flexor pollicis longus pass through the carpal 
tunnel, as does the median nerve (Fig. 7.95). 

The flexor retinaculum holds the tendons to the bony 
plane at the wrist and prevents them from “bowing.” 

Free movement of the tendons in the carpal tunnel is 
facilitated by synovial sheaths, which surround the 
tendons. All the tendons of the flexor digitorum profundus 
and flexor digitorum superficialis are surrounded by a 
single synovial sheath; a separate sheath surrounds the 
tendon of the flexor pollicis longus. The median nerve is 
anterior to the tendons in the carpal tunnel. 
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Fig. 7.95 Carpal tunnel. A. Structure and relations. B. Magnetic resonance image of a normal wrist in the axial plane. C. Magnetic resonance 
image of a normal wrist in the coronal plane. 
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Upper limb 


In the clinic 


Carpal tunnel syndrome 

Carpal tunnel syndrome is an entrapment syndrome 
caused by pressure on the median nerve within the 
carpal tunnel. The etiology of this condition is often 
obscure, though in some instances the nerve injury may 
be a direct effect of increased pressure on the median 
nerve caused by overuse, swelling of the tendons and 
tendon sheaths (e.g., rheumatoid arthritis), and cysts 
arising from the carpal joints. Increased pressure in the 
carpal tunnel is thought to cause venous congestion 
that produces nerve edema and anoxic damage to the 
capillary endothelium of the median nerve itself. 

Patients typically report pain and pins and needles in 
the distribution of the median nerve. Weakness and loss 
of muscle bulk of the thenar muscles may also occur. 
Gently tapping over the median nerve (in the region of 
the flexor retinaculum) readily produces these 
symptoms (Tinel’s sign). 

Initial treatment is aimed at reducing the 
inflammation and removing any repetitive insults that 
produce the symptoms. If this does not lead to 
improvement, nerve conduction studies will be 
necessary to confirm nerve entrapment, which may 
require surgical decompression of the flexor 
retinaculum. 


The tendon of the flexor carpi radialis is surrounded by 
a synovial sheath and passes through a tubular compart- 
ment formed by the attachment of the lateral aspect of the 
flexor retinaculum to the margins of a groove on the medial 
side of the tubercle of trapezium. 

The ulnar artery, ulnar nerve, and the tendon of the 
palmaris longus pass into the hand anterior to the flexor 
retinaculum and therefore do not pass through the carpal 
tunnel (Fig. 7.95). The tendon of the palmaris longus is not 
surrounded by a synovial sheath. 

The radial artery passes dorsally around the lateral side 
of the wrist and lies adjacent to the external surface of the 
scaphoid. 

The extensor tendons pass into the hand on the medial, 
lateral, and posterior surfaces of the wrist in six compart- 
ments defined by an extensor retinaculum and lined by 
synovial sheaths (Fig. 7.95): 


the tendons of the extensor digitorum and extensor 
indicis share a compartment and synovial sheath on 
the posterior surface of the wrist; 

the tendons of the extensor carpi ulnaris and extensor 
digiti minimi have separate compartments and sheaths 
on the medial side of the wrist; 
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Fig. 7.96 Palmar aponeurosis. 


the tendons of the abductor pollicis longus and extensor 
pollicis brevis muscles, the extensor carpi radialis longus 
and extensor carpi radialis brevis muscles, and the 
extensor pollicis longus muscle pass through three 
compartments on the lateral surface of the wrist. 


Palmar aponeurosis 


The palmar aponeurosis is a triangular condensation of 
deep fascia that covers the palm and is anchored to the skin 
in distal regions (Fig. 7.96). 

The apex of the triangle is continuous with the palmaris 
longus tendon, when present; otherwise, it is anchored to 
the flexor retinaculum. From this point, fibers radiate to 
extensions at the base of the digits that project into each of 
the index, middle, ring, and little fingers and, to a lesser 
extent, the thumb. 

Transverse fibers interconnect the more longitudinally 
arranged bundles that continue into the digits. 

Vessels, nerves, and long flexor tendons lie deep to the 
palmar aponeurosis in the palm. 
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Fig. 7.97 Anatomical snuffbox. 


Palmaris brevis 


The palmaris brevis, a small intrinsic muscle of the hand, 
is a quadrangular-shaped subcutaneous muscle that over- 
lies the hypothenar muscles, ulnar artery, and superficial 
branch of the ulnar nerve at the medial side of the palm 
(Fig. 7.96). It originates from the palmar aponeurosis and 
flexor retinaculum and inserts into the dermis of the skin 
on the medial margin of the hand. 

The palmaris brevis deepens the cup of the palm by 
pulling on skin over the hypothenar eminence and forming 
a distinct ridge. This may improve grip. 

The palmaris brevis is innervated by the superficial 
branch of the ulnar nerve. 


Anatomical snuffbox 


The “anatomical snuffbox” is a term given to the triangu- 
lar depression formed on the posterolateral side of the wrist 
and metacarpal I by the extensor tendons passing into the 
thumb (Fig. 7.97). Historically, ground tobacco (snuff) was 
placed in this depression before being inhaled into the nose. 
The base of the triangle is at the wrist and the apex is 





In the clinic 


Snuffbox 

The anatomical snuffbox is an important clinical region. 
When the hand is in ulnar deviation, the scaphoid 
becomes palpable within the snuffbox. This position 
enables the physician to palpate the bone to assess for 
a fracture. The pulse of the radial artery can also be felt 
in the snuffbox. 


directed into the thumb. The impression is most apparent 
when the thumb is extended: 


= the lateral border is formed by the tendons of the abduc- 
tor pollicis longus and extensor pollicis brevis; 

= the medial border is formed by the tendon of the exten- 
sor pollicis longus; 

= the floor of the impression is formed by the scaphoid and 
trapezium, and the distal ends of the tendons of the 
extensor carpi radialis longus and extensor carpi radia- 
lis brevis. 


The radial artery passes obliquely through the anatomi- 
cal snuffbox, deep to the extensor tendons of the thumb 
and lies adjacent to the scaphoid and trapezium. 

Terminal parts of the superficial branch of the radial 
nerve pass subcutaneously over the snuffbox as does the 
origin of the cephalic vein from the dorsal venous arch of 
the hand. 


Fibrous digital sheaths 


After exiting the carpal tunnel, the tendons of the flexor 
digitorum superficialis and profundus muscles cross the 
palm and enter fibrous sheaths on the palmar aspect of the 
digits (Fig. 7.98). These fibrous sheaths: 


= begin proximally, anterior to the metacarpophalangeal 
joints, and extend to the distal phalanges; 

= areformed by fibrous arches and cruciate (cross-shaped) 
ligaments, which are attached posteriorly to the 
margins of the phalanges and to the palmar ligaments 
associated with the metacarpophalangeal and inter- 
phalangeal joints; and 

= hold the tendons to the bony plane and prevent the 
tendons from bowing when the digits are flexed. 


Within each tunnel, the tendons are surrounded by a 
synovial sheath. The synovial sheaths of the thumb and 


little finger are continuous with the sheaths associated 759 


with the tendons in the carpal tunnel (Fig. 7.98). 
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Fig. 7.98 Fibrous digital sheaths and synovial sheaths of the hand. 


Extensor hoods 


The tendons of the extensor digitorum and extensor pollicis 

longus muscles pass onto the dorsal aspect of the digits and 

expand over the proximal phalanges to form complex 

“extensor hoods” or “dorsal digital expansions” (Fig. 

7.99A). The tendons of the extensor digiti minimi, extensor 

indicis, and extensor pollicis brevis muscles join these hoods. 
Each extensor hood is triangular, with: 


= the apex attached to the distal phalanx; 

= the central region attached to the middle phalanx 
(index, middle, ring, and little fingers) or proximal 
phalanx (thumb); and 

= each corner of the base wrapped around the sides of the 
metacarpophalangeal joint—in the index, middle, ring, 
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and little fingers, the corners of the hoods attach mainly 
to the deep transverse metacarpal ligaments; 
in the thumb, the hood is attached on each side to 
muscles. 


In addition to other attachments, many of the intrinsic 
muscles of the hand insert into the free margin of the hood 
on each side. By inserting into the extensor hood, these 
intrinsic muscles are responsible for complex delicate 
movements of the digits that could not be accomplished 
with the long flexor and extensor tendons alone. 

In the index, middle, ring, and little fingers, the lumbri- 
cal, interossei, and abductor digiti minimi muscles attach 
to the extensor hoods. In the thumb, the adductor pollicis 
and abductor pollicis brevis muscles insert into and anchor 
the extensor hood. 


Because force from the small intrinsic muscles of the 
hand is applied to the extensor hood distal to the fulcrum 
of the metacarpophalangeal joints, the muscles flex these 
joints (Fig. 7.99B). Simultaneously, the force is transferred 
dorsally through the hood to extend the interphalangeal 
joints. This ability to flex the metacarpophalangeal joints, 


Extensor Dorsal interosseous 
digitorum tendon muscle Extensor hood 










Flexor digitorum 
profundus tendon 


Lumbrical muscle 


Fulcrum of 
metacarpophalangeal joint 


Flexion of 








while at the same time extending the interphalangeal 
joints, is entirely due to the intrinsic muscles of the hand 
working through the extensor hoods. This type of precision 
movement is used in the upstroke when writing a t (Fig. 
7.99C). 
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Fig. 7.99 Extensor hood. 
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Upper limb 


Muscles 


The intrinsic muscles of the hand are the palmaris brevis 
(described on p. 759; Fig. 7.96), interossei, adductor polli- 
cis, thenar, hypothenar, and lumbrical muscles (Figs. 
7.100—7.104). Unlike the extrinsic muscles that originate 
in the forearm, insert in the hand, and function in force- 
fully gripping (“power grip”) with the hand, the intrinsic 
muscles occur entirely in the hand and mainly execute 
precision movements (“precision grip”) with the fingers 
and thumb. 

All of the intrinsic muscles of the hand are innervated 
by the deep branch of the ulnar nerve except for the three 
thenar and two lateral lumbrical muscles, which are inner- 
vated by the median nerve. The intrinsic muscles are pre- 
dominantly innervated by spinal cord segment T1 with a 
contribution from C8. 

The interossei are muscles between and attached to the 
metacarpals (Figs. 7.100 and 7.101). They insert into the 
proximal phalanx of each digit and into the extensor hood 
and are divided into two groups, the dorsal interossei and 
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Fig. 7.100 Dorsal interossei (palmar view). 


the palmar interossei. All of the interossei are innervated 
by the deep branch of the ulnar nerve. Collectively, the 
interossei abduct and adduct the digits and contribute to 
the complex flexion and extension movements generated 
by the extensor hoods. 


Dorsal interossei 


Dorsal interossei are the most dorsally situated of all of 
the intrinsic muscles and can be palpated through the skin 
on the dorsal aspect of the hand (Fig. 7.100). There are 
four bipennate dorsal interosseous muscles between, and 
attached to, the shafts of adjacent metacarpal bones (Fig. 
7.100). Each muscle inserts both into the base of the proxi- 
mal phalanx and into the extensor hood of its related 
digit. 

The tendons of the dorsal interossei pass dorsal to the 
deep transverse metacarpal ligaments: 


= the first dorsal interosseous muscle is the largest and 
inserts into the lateral side of the index finger; 
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Fig. 7.101 Palmar interossei (palmar view). 


the second and third dorsal interossei insert into the 
lateral and medial sides, respectively, of the middle 


finger; 


the fourth dorsal interosseous muscle inserts into the 


medial side of the ring finger. 


In addition to generating flexion and extension move- 
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The thumb and little finger have their own abductors in 
the thenar and hypothenar muscle groups, respectively, 


and therefore do not have dorsal interossei. 


The radial artery passes between the two heads of the 


first dorsal interosseous muscle as it passes from the ana- 
tomical snuffbox on the posterolateral side of the wrist into 


ments of the fingers through their attachments to the 
extensor hoods, the dorsal interossei are the major abduc- 


tors of the index, middle, and ring fingers, at the metacar- 


pophalangeal joints (Table 7.15). 


The middle finger can abduct medially and laterally 
with respect to the long axis of the middle finger and con- 
sequently has a dorsal interosseous muscle on each side. 


Table 7.15 


Muscles 


Palmaris brevis 


Dorsal interossei 
(four muscles) 


Palmar 
interossei (four 
muscles) 


Adductor 
pollicis 


Lumbricals (four 
muscles) 


Thenar muscles 


Opponens 
pollicis 


Abductor 
pollicis brevis 


Flexor pollicis 
brevis 


Origin 
Palmar aponeurosis and 


flexor retinaculum 


Adjacent sides of metacarpals 


Sides of metacarpals 


Transverse head—metacarpal 
Ill; oblique head—capitate 
and bases of metacarpals II 
and Ill 


Tendons of flexor digitorum 
profundus 


Tubercle of trapezium and 
flexor retinaculum 


Tubercles of scaphoid and 
trapezium and adjacent 
flexor retinaculum 


Tubercle of the trapezium 
and flexor retinaculum 


Hypothenar muscles 


Opponens digiti 
minimi 
Abductor digiti 
minimi 


Flexor digiti 
minimi brevis 


Hook of hamate and flexor 
retinaculum 


Pisiform, the pisohamate 
ligament, and tendon of 
flexor carpi ulnaris 


Hook of the hamate and 
flexor retinaculum 


the deep aspect of the palm. 


Palmar interossei 


The four palmar interossei are anterior to the dorsal 


Insertion 


Dermis of skin on the medial 
margin of the hand 


Extensor hood and base of 
proximal phalanges of index, 
middle, and ring fingers 


Extensor hoods of the thumb, 
index, ring, and little fingers 
and the proximal phalanx of 
thumb 


Base of proximal phalanx and 
extensor hood of thumb 


Extensor hoods of index, ring, 
middle, and little fingers 


Lateral margin and adjacent 
palmar surface of metacarpal 
| 


Proximal phalanx and 
extensor hood of thumb 


Proximal phalanx of the 
thumb 


Medial aspect of metacarpal 
V 


Proximal phalanx of little 
finger 


Proximal phalanx of little 
finger 


Innervation 


Superficial branch of the 
ulnar nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


Medial two by the deep 
branch of the ulnar 
nerve; lateral two by 
digital branches of the 
median nerve 


Recurrent branch of 
median nerve [C8, T1] 


Recurrent branch of 
median nerve [C8, T1] 


Recurrent branch of 
median nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


Deep branch of ulnar 
nerve [C8, T1] 


interossei, and are unipennate muscles originating from 
the metacarpals of the digits with which each is associated 
(Fig. 7.101). 


Intrinsic muscles of the hand (spinal segments indicated in bold are the major segments innervating the muscle) 


Function 


Improves grip 


Abduction of index, middle, 
and ring fingers at the 
metacarpophalangeal joints 


Adduction of the thumb, 
index, ring, and little fingers 
at the metacarpophalangeal 
joints 


Adducts thumb 


Flex metacarpophalangeal 
joints while extending 
interphalangeal joints 


Medially rotates thumb 


Abducts thumb at 
metacarpophalangeal joint 


Flexes thumb at 
metacarpophalangeal joint 


Laterally rotates metacarpal 
V 


Abducts little finger at 
metacarpophalangeal joint 


Flexes little finger at 
metacarpophalangeal joint 
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The first palmar interosseous muscle is rudimentary 
and often considered part of either the adductor pollicis or 
the flexor pollicis brevis. When present, it originates from 
the medial side of the palmar surface of metacarpal I and 
inserts into both the base of the proximal phalanx of 
the thumb and into the extensor hood. A sesamoid bone 
often occurs in the tendon attached to the base of the 
phalanx. 

The second palmar interosseous muscle originates from 
the medial surface of metacarpal II and inserts into the 
medial side of the extensor hood of the index finger. 

The third and fourth palmar interossei originate from 
the lateral surfaces of metacarpals IV and V and insert into 
the lateral sides of the respective extensor hoods. 





Radial artery 
(deep palmar arch) 


Fig. 7.102 Adductor pollicis. 


Like the tendons of the dorsal interossei, the tendons of 
the palmar interossei pass dorsal to the deep transverse 
metacarpal ligaments. 

The palmar interossei adduct the thumb, index, ring, 
and little fingers with respect to a long axis through the 
middle finger. The movements occur at the metacarpopha- 
langeal joints. Because the muscles insert into the extensor 
hoods, they also produce complex flexion and extension 
movements of the digits (Table 7.15). 


Adductor pollicis 


The adductor pollicis is a large triangular muscle ante- 
rior to the plane of the interossei that crosses the palm (Fig. 
7.102). It originates as two heads: 


= atransverse head from the anterior aspect of the shaft 
of metacarpal III; 

= an oblique head, from the capitate and adjacent bases 
of metacarpals II and III. 


The two heads converge laterally to form a tendon, 
which often contains a sesamoid bone, that inserts into 
both the medial side of the base of the proximal phalanx of 
the thumb and into the extensor hood. 

The radial artery passes anteriorly and medially between 
the two heads of the muscle to enter the deep plane of the 
palm and form the deep palmar arch. 

The adductor pollicis is a powerful adductor of the 
thumb and opposes the thumb to the rest of the digits in 
gripping (Table 7.15). 


Flexor digiti minimi brevis 
















Three hypothenar muscles 


Opponens digiti minimi 





Abductor digiti minimi 


Deep branch of 
ulnar artery and nerve 


Flexor carpi ulnaris 


Fig. 7.103 Thenar and hypothenar muscles. 





Thenar muscles 


The three thenar muscles (the opponens pollicis, flexor pol- 
licis brevis, and abductor pollicis brevis muscles) are asso- 
ciated with opposition of the thumb to the fingers and with 
delicate movements of the thumb (Fig. 7.103) and are 
responsible for the prominent swelling (thenar eminence) 
on the lateral side of the palm at the base of the thumb. 

The thenar muscles are innervated by the recurrent 
branch of the median nerve. 


Opponens pollicis 


The opponens pollicis muscle is the largest of the thenar 
muscles and lies deep to the other two (Fig. 7.103). Origi- 
nating from the tubercle of the trapezium and the adjacent 


Flexor pollicis brevis 


Three thenar muscles 


Adductor pollicis and first palmar 
interosseous insert into medial 
side of extensor hood 


ae 


Extensor hood 


LZ ¥ | Flexor pollicis brevis and abductor 
GA pollicis brevis insert into lateral side 


| of extensor hood | 
Opponens pollicis 


Recurrent branch of median nerve 


Abductor pollicis brevis 





Median nerve 


Flexor retinaculum 
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flexor retinaculum, it inserts along the entire length of the 
lateral margin and adjacent lateral palmar surface of meta- 
carpal I. 

The opponens pollicis rotates and flexes metacarpal I on 
the trapezium, so bringing the pad of the thumb into a 
position facing the pads of the fingers (Table 7.15). 


Abductor pollicis brevis 


The abductor pollicis brevis muscle overlies the oppo- 
nens pollicis and is proximal to the flexor pollicis brevis 
muscle (Fig. 7.103). It originates from the tubercles of the 
scaphoid and trapezium and from the adjacent flexor reti- 
naculum, and inserts into the lateral side of the base of the 
proximal phalanx of the thumb and into the extensor 
hood. 

The abductor pollicis brevis abducts the thumb, princi- 
pally at the metacarpophalangeal joint. Its action is most 
apparent when the thumb is maximally abducted and the 
proximal phalanx is moved out of line with the long axis 
of the metacarpal bone (Table 7.15). 


Flexor pollicis brevis 


The flexor pollicis brevis muscle is distal to the abductor 
pollicis brevis (Fig. 7.103). It originates mainly from the 
tubercle of the trapezium and adjacent flexor retinaculum, 
but it may also have deeper attachments to other carpal 
bones and associated ligaments. It inserts into the lateral 
side of the base of the proximal phalanx of the thumb. The 
tendon often contains a sesamoid bone. 

The flexor pollicis brevis flexes the metacarpophalan- 
geal joint of the thumb (Table 7.15). 


Hypothenar muscles 


The hypothenar muscles (the opponens digiti minimi, 
abductor digiti minimi, and flexor digiti minimi brevis) 
contribute to the swelling (hypothenar eminence) on 
the medial side of the palm at the base of the little finger 
(Fig. 7.103). The hypothenar muscles are similar to the 
thenar muscles in name and in organization. 

Unlike the thenar muscles, the hypothenar muscles are 
innervated by the deep branch of the ulnar nerve and not 
by the recurrent branch of the median nerve. 


Opponens digiti minimi 
The opponens digiti minimi muscle lies deep to the other 
two hypothenar muscles (Fig. 7.103). It originates from 
the hook of the hamate and from the adjacent flexor reti- 
naculum and it inserts into the medial margin and palmar 
surface of metacarpal V. Its base is penetrated by the deep 
branches of the ulnar nerve and ulnar artery. 

The opponens digiti minimi rotates metacarpal V toward 
the palm; however, because of the simple shape of the car- 


pometacarpal joint and the presence of a deep transverse 
metacarpal ligament, which attaches the head of metacar- 
pal V to that of the ring finger, the movement is much less 
dramatic than that of the thumb (Table 7.15). 


Abductor digiti minimi 


The abductor digiti minimi muscle overlies the oppo- 
nens digiti minimi (Fig. 7.103). It originates from the pisi- 
form bone, the pisohamate ligament, and the tendon of the 
flexor carpi ulnaris, and inserts into the medial side of the 
base of the proximal phalanx of the little finger and into 
the extensor hood. 

The abductor digiti minimi is the principal abductor of 
the little finger (Table 7.15). 


Flexor digiti minimi brevis 


The flexor digiti minimi brevis muscle is lateral to the 
abductor digiti minimi (Fig. 7.103). It originates from the 
hook of the hamate bone and the adjacent flexor retinacu- 
lum and inserts with the abductor digiti minimi muscle 
into the medial side of the base of the proximal phalanx of 
the little finger. 

The flexor digiti minimi brevis flexes the metacarpopha- 
langeal joint. 


Lumbrical muscles 


There are four lumbrical (worm-like) muscles, each of 
which is associated with one of the fingers. The muscles 
originate from the tendons of the flexor digitorum profun- 
dus in the palm: 


the medial two lumbricals are bipennate and originate 
from the flexor digitorum profundus tendons associated 
with the middle and ring fingers and the ring and little 
fingers, respectively; 

the lateral two lumbricals are unipennate muscles, 
originating from the flexor digitorum profundus tendons 
associated with index and middle fingers, respectively. 


The lumbricals pass dorsally around the lateral side of 
each finger, and insert into the extensor hood (Fig. 7.104). 
The tendons of the muscles are anterior to the deep trans- 
verse metacarpal ligaments. 

The lumbricals are unique because they link flexor 
tendons with extensor tendons. Through their insertion 
into the extensor hoods, they participate in flexing the 
metacarpophalangeal joints and extending the interpha- 
langeal joints. 

The medial two lumbricals are innervated by the deep 
branch of the ulnar nerve; the lateral two lumbricals are 
innervated by digital branches of the median nerve (Table 
Lik) 


Deep transverse 
metacarpal ligament 






Flexor digitorum 
superficialis tendon (cut) 


Flexor digitorum 
profundus tendon 


Third and fourth lumbricals 
(bipennate) 


Fig. 7.104 Lumbrical muscles. 


Arteries and veins 


The blood supply to the hand is by the radial and ulnar 
arteries, which form two interconnected vascular arches 
(superficial and deep) in the palm (Fig. 7.105). Vessels to 
the digits, muscles, and joints originate from the two arches 
and the parent arteries: 


= the radial artery contributes substantially to the supply 
of the thumb and the lateral side of the index finger; 

= the remaining digits and the medial side of the index 
finger are supplied mainly by the ulnar artery. 


Ulnar artery and superficial 
palmar arch 


The ulnar artery and ulnar nerve enter the hand on the 
medial side of the wrist (Fig. 7.106). The vessel lies between 


Attached to dorsal hood 


First and second lumbricals 
(unipennate) 


the palmaris brevis and the flexor retinaculum and is 
lateral to the ulnar nerve and the pisiform bone. Distally, 
the ulnar artery is medial to the hook of the hamate bone 
and then swings laterally across the palm, forming the 
superficial palmar arch, which is superficial to the long 
flexor tendons of the digits and just deep to the palmar 
aponeurosis. On the lateral side of the palm, the arch com- 
municates with a palmar branch of the radial artery. 

One branch of the ulnar artery in the hand is the deep 
palmar branch (Figs. 7.105 and 7.106), which arises 
from the medial aspect of the ulnar artery, just distal to 
the pisiform, and penetrates the origin of the hypothenar 
muscles. It curves medially around the hook of the 
hamate to access the deep plane of the palm and to anas- 
tomose with the deep palmar arch derived from the radial 
artery. 
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a Fig. 7.105 Arterial supply of the hand. 
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768 Fig. 7.106 Superficial palmar arch. 
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Branches from the superficial palmar arch include: 


= a palmar digital artery to the medial side of the little 
finger; and 

= three large, common palmar digital arteries, which 
ultimately provide the principal blood supply to the 
lateral side of the little finger, both sides of the ring and 
middle fingers, and the medial side of the index finger 
(Fig. 7.106); they are joined by palmar metacarpal 
arteries from the deep palmar arch before bifurcating 
into the proper palmar digital arteries, which enter 
the fingers. 


Radial artery and deep palmar arch 


The radial artery curves around the lateral side of the 
wrist, passes over the floor of the anatomical snuffbox and 
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Fig. 7.107 Deep palmar arch. 


Radialis indicis 
artery 





into the deep plane of the palm by penetrating anteriorly 
through the back ofthe hand (Fig. 7.105). It passes between 
the two heads of the first dorsal interosseous muscle and 
then between the two heads of the adductor pollicis to 
access the deep plane of the palm and form the deep palmar 
arch. 

The deep palmar arch passes medially through the 
palm between the metacarpal bones and the long flexor 
tendons of the digits. On the medial side of the palm, it 
communicates with the deep palmar branch of the ulnar 
artery (Figs. 7.105 and 7.107). 

Before penetrating the back of the hand, the radial 
artery gives rise to two vessels: 


= a dorsal carpal branch, which passes medially as the 
dorsal carpal arch, across the wrist and gives rise to 


Mainly radial artery 
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In the clinic 


Allen’s test 

To test for adequate anastomoses between the radial 
and ulnar arteries, compress both the radial and ulnar 
arteries at the wrist, then release pressure from one or 
the other, and determine the filling pattern of the hand. 
If there is little connection between the deep and 
superficial palmar arteries, only the thumb and lateral 
side of the index finger will fill with blood (become red) 
when pressure on the radial artery alone is released. 


dorsal metacarpal arteries, which subsequently 
divide to become small dorsal digital arteries, which 
enter the fingers; 

the first dorsal metacarpal artery, which supplies 
adjacent sides of the index finger and thumb. 


Two vessels, the princeps pollicis artery and the 
radialis indicis artery, arise from the radial artery in the 
plane between the first dorsal interosseous and adductor 
pollicis. The princeps pollicis artery is the major blood 
supply to the thumb, and the radialis indicis artery supplies 
the lateral side of the index finger. 

The deep palmar arch gives rise to: 


three palmar metacarpal arteries, which join the 
common palmar digital arteries from the superficial 
palmar arch; and 

three perforating branches, which pass posteriorly 
between the heads of origin of the dorsal interossei to 
anastomose with the dorsal metacarpal arteries from 
the dorsal carpal arch. 


Veins 


As generally found in the upper limb, the hand contains 
interconnected networks of deep and superficial veins. The 
deep veins follow the arteries; the superficial veins drain 
into a dorsal venous network on the back of the hand over 
the metacarpal bones (Fig. 7.108). 

The cephalic vein originates from the lateral side of the 
dorsal venous network and passes over the anatomical 
snuffbox into the forearm. 

The basilic vein originates from the medial side of the 
dorsal venous network and passes into the dorsomedial 
aspect of the forearm. 


In the clinic 


Venipuncture 

In many patients, venous access is necessary for 
obtaining blood for laboratory testing and 
administering fluid and intravenous drugs. The ideal 
sites for venous access are typically in the cubital fossa 
and in the cephalic vein adjacent to the anatomical 
snuffbox. The veins are simply distended by use of a 
tourniquet. A tourniquet should be applied enough to 
allow the veins to become prominent. For 
straightforward blood tests the antecubital vein is 
usually the preferred site, and although it may not 
always be visible, it is easily palpated. The cephalic vein 
is generally the preferred site for short-term intravenous 
cannula. 







Dorsal 
venous network 





Anatomical 
snuffbox 


Cephalic vein Basilic vein 
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Fig. 7.108 Dorsal venous arch of the hand. 


Nerves 


The hand is supplied by the ulnar, median, and radial 
nerves (Figs. 7.109—7.111). All three nerves contribute to 
cutaneous or general sensory innervation. The ulnar nerve 
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Fig. 7.109 Ulnar nerve in the hand. 


innervates all intrinsic muscles of the hand except for the 
three thenar muscles and the two lateral lumbricals, which 
are innervated by the median nerve. The radial nerve only 
innervates skin on the dorsolateral side of the hand. 


Ulnar nerve 


The ulnar nerve enters the hand lateral to the pisiform and 
posteromedially to the ulnar artery (Fig. 7.109). Immedi- 
ately distal to the pisiform, it divides into a deep branch, 
which is mainly motor and a superficial branch, which is 
mainly sensory. 

The deep branch of the ulnar nerve passes with the 
deep branch of the ulnar artery (Fig. 7.109). It penetrates 


Ulnar artery 
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and supplies the hypothenar muscles to reach the deep 
aspect of the palm, arches laterally across the palm, deep 
to the long flexors of the digits, and supplies the interossei, 
adductor pollicis, and the two medial lumbricals. In addi- 
tion, the deep branch of the ulnar nerve contributes small 
articular branches to the wrist joint. 

As the deep branch of the ulnar nerve passes across the 
palm, it lies in a fibro-osseous tunnel (Guyon’s canal) 
between the hook of the hamate and the flexor tendons. 
Occasionally, small outpouchings of synovial membrane 
(ganglia) from the joints of the carpus compress the nerve 
within this canal, producing sensory and motor 
symptoms. 
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In the clinic 


Ulnar nerve injury 
The ulnar nerve is most commonly injured at two sites: 
the elbow and the wrist. 


m At the elbow, the nerve lies posterior to the medial 
epicondyle. 

= At the wrist, the ulnar nerve passes superficial to the 
flexor retinaculum and lies lateral to the pisiform 
bone. 


Ulnar nerve lesions are characterized by “clawing” of 
the hand, in which the metacarpophalangeal joints of the 
fingers are hyperextended and the interphalangeal joints 
are flexed because the function of most of the intrinsic 
muscles of the hand is lost (Fig. 7.110). 

Clawing is most pronounced in the medial fingers 
because the function of all intrinsic muscles of these digits 
is lost while in the lateral two digits, the lumbricals are 
innervated by the median nerve. Function of the adductor 
pollicis muscle is also lost. 

In lesions of the ulnar nerve at the elbow, function 
of the flexor carpi ulnaris muscle and flexor digitorum 
profundus to the medial two digits is lost as well. Clawing 
of the hand, particularly of the little and ring fingers, is 
worse with lesions of the ulnar nerve at the wrist than at 
the elbow because interruption of the nerve at the elbow 


The superficial branch of the ulnar nerve innervates the 
palmaris brevis muscle and continues across the palm to 
supply skin on the palmar surface of the little finger and 
the medial half of the ring finger (Fig. 7.109). 


Median nerve 


The median nerve is the most important sensory nerve in 
the hand because it innervates skin on the thumb, index 
and middle fingers, and lateral side of the ring finger (Fig. 
7.111). The nervous system, using touch, gathers infor- 
mation about the environment from this area, particularly 
from the skin on the thumb and index finger. In addition, 
sensory information from the lateral three and one-half 
digits enables the fingers to be positioned with the appro- 
priate amount of force when using precision grip. 

The median nerve also innervates the thenar muscles 
that are responsible for opposition of the thumb to the 
other digits. 

The median nerve enters the hand by passing through 
the carpal tunnel and divides into a recurrent branch and 
palmar digital branches (Fig. 7.111). 


paralyzes the ulnar half of the flexor digitorum profundus, 
which leads to lack of flexion at the distal interphalangeal 
joints in these fingers. 

Ulnar nerve lesions at the elbow and wrist result in 
impaired sensory innervation on the palmar aspect of the 
medial one and one-half digits. 

Damage to the ulnar nerve at the wrist or at a site 
proximal to the wrist can be distinguished by evaluating 
the status of function of the dorsal branch (cutaneous) of 
the ulnar nerve, which originates in distal regions of the 
forearm. This branch innervates skin over the dorsal 
surface of the hand on the medial side. 


eae Ges 


Fig. 7.110 Typical appearance of a “clawed hand” due to a 
lesion of the ulnar nerve. 


The recurrent branch of the median nerve innervates 
the three thenar muscles. Originating from the lateral side 
of the median nerve near the distal margin of the flexor 
retinaculum, it curves around the margin of the retinacu- 
lum and passes proximally over the flexor pollicis brevis 
muscle. The recurrent branch then passes between the 
flexor pollicis brevis and abductor pollicis brevis to end in 
the opponens pollicis. 

The palmar digital nerves cross the palm deep to the 
palmar aponeurosis and the superficial palmar arch and 
enter the digits. They innervate skin on the palmar sur- 
faces of the lateral three and one-half digits and cutaneous 
regions over the dorsal aspects of the distal phalanges (nail 
beds) of the same digits. In addition to skin, the digital 
nerves supply the lateral two lumbrical muscles. 


Superficial branch of the 
radial nerve 


The only part of the radial nerve that enters the hand is the 
superficial branch (Fig. 7.112). It enters the hand by 
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Fig. 7.112 Radial nerve in the hand. 
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passing over the anatomical snuffbox on the dorsolateral 
side of the wrist. Terminal branches of the nerve can be 
palpated or “rolled” against the tendon of the extensor pol- 
licis longus as they cross the anatomical snuffbox. 


In the clinic 


Radial nerve injury 
Around the elbow joint the radial nerve divides into its 
two terminal branches—the superficial branch and the 
deep branch nerve. 

The most common radial nerve injury is damage to 
the nerve in the radial groove of the humerus, which 
produces a global paralysis of the muscles of the posterior 
compartment resulting in wrist drop. Radial nerve damage 
can result from fracture of the shaft of the humerus as the 
radial nerve spirals around in the radial groove. The typical 
injury produces reduction of sensation in the cutaneous 
distribution, predominantly over the posterior aspect of 


The superficial branch of the radial nerve innervates 
skin over the dorsolateral aspect of the palm and the dorsal 
aspects of the lateral three and one-half digits distally to 
approximately the terminal interphalangeal joints. 


the hand. Severing the posterior interosseous nerve 
(continuation of deep branch of radial nerve) may 
paralyze the muscles of the posterior compartment of the 
forearm, but the nerve supply is variable. Typically, the 
patient may not be able to extend the fingers. 

The distal branches of the superficial branch of the 
radial nerve can be readily palpated as “cords” passing 
over the tendon of the extensor pollicis longus in the 
anatomical snuffbox. Damage to these branches is of little 
consequence because they supply only a small area of 
skin. 


Surface anatomy 


Upper limb surface anatomy 


Tendons, muscles, and bony landmarks in the upper limb 
(Fig. 7.113) are used to locate major arteries, veins, and 
nerves. Asking patients to maneuver their upper limbs 
in specific ways is essential for performing neurological 
examinations. 


= Tendons are used to test reflexes associated with specific 
spinal cord segments. 

= Vessels are used clinically as points of entry into the 
vascular system (for collecting blood and administering 
pharmaceuticals and nutrients), and for taking blood 
pressure and pulses. 

= Nerves can become entrapped or be damaged in regions 
where they are related to bone or pass through confined 
spaces. 


Bony landmarks and muscles of 
the posterior scapular region 


The medial border, inferior angle, and part of the lateral 
border of the scapula can be palpated on a patient, as can 


the spine and acromion. The superior border and angle of 
the scapula are deep to soft tissue and are not readily pal- 
pable. The supraspinatus and infraspinatus muscles can 
be palpated above and below the spine, respectively 
(Fig. 7.114). 

The trapezius muscle is responsible for the smooth 
contour of the lateral side of the neck and over the superior 
aspect of the shoulder. 

The deltoid muscles form the muscular eminence infe- 
rior to the acromion and around the glenohumeral joint. 
The axillary nerve passes posteriorly around the surgical 
neck of the humerus deep to the deltoid muscle. 

The latissimus dorsi muscle forms much of the muscle 
mass underlying the posterior axillary skin fold extending 
obliquely upward from the trunk to the arm. The teres 
major muscle passes from the inferior angle of the scapula 
to the upper humerus and contributes to this posterior axil- 
lary skin fold laterally. 





Fig. 7.113 Normal appearance of the upper limb. A. Anterior shoulder and axilla. B. Posterior scapular region. (Continued) 
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Fig. 7.113, contd Normal appearance of the upper limb. C. Anterior cubital fossa. D and E. Distal forearm and palm of hand. F. Distal 
forearm and dorsum of hand. G. Lateral view of distal forearm and hand. 
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Fig. 7.114 Bony landmarks and muscles of the posterior scapular region. Posterior view of shoulder and back. 


Visualizing the axilla and locating 
contents and related structures 


The axillary inlet, outlet, and walls of the axilla can be 
established using skin folds and palpable bony landmarks 
(Fig. 7.115). 


= The anterior margin of the axillary inlet is the clavicle, 
which can be palpated along its entire length. The 
lateral limit of the axillary inlet is approximated by the 
tip of the coracoid process, which is palpable immedi- 
ately below the lateral third of the clavicle and deep to 
the medial margin of the deltoid muscle. 

= The inferior margin of the anterior axillary wall is the 
anterior axillary skin fold, which overlies the lower 
margin of the pectoralis major muscle. 

= The inferior margin of the posterior axillary wall is the 
posterior axillary skin fold, which overlies the margins 
of the teres major muscle laterally and latissimus dorsi 
muscle medially. 

= The medial wall of the axilla is the upper part of the 
serratus anterior muscle overlying the thoracic wall. 


The long thoracic nerve passes vertically out of the 
axilla and down the lateral surface of the serratus ante- 
rior muscle in a position just anterior to the posterior 
axillary skin fold. 

The lateral boundary of the axilla is the humerus. 

The floor of the axilla is the dome of skin between the 
posterior and anterior axillary skin folds. 


Major vessels, nerves, and lymphatics travel between 
the upper limb and the trunk by passing through the 
axilla. 

The axillary artery, axillary vein and components of the 
brachial plexus pass through the axilla and into the arm 
by traveling lateral to the dome of skin that forms the floor. 
This neurovascular bundle can be palpated by placing a 
hand into this dome of skin and pressing laterally against 
the humerus. 

The cephalic vein travels in superficial fascia in the cleft 
between the deltoid muscle and the pectoralis major muscle 
and penetrates deep fascia in the clavipectoral triangle to 
join with the axillary vein. 
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Fig. 7.115 Visualizing the axilla and locating its contents and related structures. A. Anterior shoulder showing folds and walls of the axilla. 
B. Anterior shoulder showing outlet and floor of the axilla. C. Anterior view showing the axillary neurovascular bundle and long thoracic 
nerve. D. Anterior view of the shoulder showing the clavipectoral triangle with the cephalic vein. 
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Locating the brachial artery 
in the arm 


The brachial artery is on the medial side of the arm in the 
cleft between the biceps brachii and triceps brachii muscles 
(Fig. 7.116). The median nerve courses with the brachial 
artery, whereas the ulnar nerve deviates posteriorly from 
the vessel in distal regions. 







Brachial artery 





Median nerve 


Ulnar nerve 


Fig. 7.116 Locating the brachial artery in the arm (medial view of 
arm with brachial artery, median nerve, and ulnar nerve). 


Triceps brachii muscle 





The triceps brachii tendon and 
position of the radial nerve 


The triceps brachii muscle forms the soft tissue mass pos- 
terior to the humerus, and the tendon inserts onto the 
olecranon of the ulna, which is readily palpable and forms 
the bony protuberance at the “tip” of the elbow (Fig. 
Folder), 

The brachioradialis muscle is also visible as a muscular 
bulge on the lateral aspect of the arm. It is particularly 
prominent when the forearm is half pronated, flexed at the 
elbow against resistance, and viewed anteriorly. 

The radial nerve in the distal arm emerges from behind 
the humerus to lie deep to the brachioradialis muscle. 


Cubital fossa (anterior view) 


The cubital fossa lies anterior to the elbow joint and con- 
tains the biceps brachii tendon, the brachial artery, and the 
median nerve (Fig. 7.118). 

The base of the cubital fossa is an imaginary line between 
the readily palpable medial and lateral epicondyles of the 
humerus. The lateral and medial borders are formed by the 
brachioradialis and pronator teres muscles, respectively. 
The margin of the brachioradialis can be found by asking 
a subject to flex the semipronated forearm against resis- 
tance. The margin of pronator teres can be estimated by an 
oblique line extending between the medial epicondyle and 


Brachioradialis muscle 
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Fig. 7.117 Triceps brachii tendon and position of the radial nerve (posterior view of arm). 
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the midpoint along the length of the lateral surface of the 
forearm. The approximate apex of the cubital fossa is where 
this line meets the margin of the brachioradialis muscle. 

Contents of the cubital fossa, from lateral to medial, are 
the tendon of biceps brachii, the brachial artery, and the 
median nerve. The tendon of biceps brachii is easily palpa- 
ble. Often the cephalic, basilic, and median cubital veins 
are visible in the subcutaneous fascia overlying the cubital 
fossa. 

The ulnar nerve passes behind the medial epicondyle of 
the humerus and can be “rolled” here against the bone. 

The radial nerve travels into the forearm deep to the 
margin of the brachioradialis muscle anterior to the elbow 
joint. 
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Fig. 7.118 Cubital fossa (anterior view). A. Anterior view. B. Boundaries and contents. C. Showing radial and ulnar nerves, and veins. 
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Identifying tendons and locating 
major vessels and nerves in the 
distal forearm 


Tendons that pass from the forearm into the hand are 
readily visible in the distal forearm and can be used as 
landmarks to locate major vessels and nerves. 

In the anterior aspect of the distal forearm, the tendons 
of the flexor carpi radialis, flexor carpi ulnaris, and pal- 
maris longus muscles can be easily located either by pal- 
pating or by asking a patient to flex the wrist against 
resistance. 
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Flexor carpi radialis tendon 


Palmaris longus tendon 





Flexor carpi ulnaris 








Extensor 
Carpi ulnaris 
tendon 


Extensor 
digitorum 
tendon 


Hypothenar eminence 







Extensor pollicis longus tendon 


Abductor pollicis longus tendon 


The tendon of flexor carpi radialis is located approxi- 
mately at the junction between the lateral and middle 
thirds of an imaginary line drawn transversely across 
the distal forearm. The radial artery is immediately 
lateral to this tendon and this site is used for taking a 
radial pulse (Fig. 7.119A). 

The tendon of the flexor carpi ulnaris is easily palpated 
along the medial margin of the forearm and inserts on 
the pisiform, which can also be palpated by following 
the tendon to the base of the hypothenar eminence 
of the hand. The ulnar artery and ulnar nerve travel 
through the distal forearm and into the hand under the 


Thenar eminence 


Radial artery 


Ulnar artery 


Ulnar nerve 





Pisiform 


Extensor carpi radialis brevis tendon 


Extensor carpi radialis longus tendon 
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Anatomical snuffbox 







Cephalic vein 


Radial artery 







Abductor pollicis longus tendon 
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Fig. 7.119 Identifying tendons and locating major vessels and nerves in the distal forearm. A. Anterior distal forearm and wrist. B. Posterior 
distal forearm and wrist. C. Lateral view of posterior wrist and forearm. D. Anatomical snuffbox. 
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lateral lip of the flexor carpi ulnaris tendon and lateral 
to the pisiform. 

The palmaris longus tendon may be absent, but when 
present, lies medial to the flexor carpi radialis tendon 
and is particularly prominent when the wrist is flexed 
against resistance. The median nerve is also medial to 
the flexor carpi radialis tendon and lies under the pal- 
maris longus tendon. 

The long tendons of the digits of the hand are deep to 
the median nerve and between the long flexors of the 
wrist. Their position can be visualized by rapidly and 
repeatedly flexing and extending the fingers from medial 
to lateral. 

In the posterior distal forearm and wrist, the tendons of 
the extensor digitorum (Fig. 7.119B) are in the midline 
and radiate into the index, middle, ring, and little fingers 
from the wrist. 

The distal ends of the tendons of the extensor carpi 
radialis longus and brevis muscles are on the lateral 
side of the wrist (Fig. 7.119C) and can be accentuated 
by making a tight fist and extending the wrist against 
resistance. 

The tendon of the extensor carpi ulnaris can be felt on 
the far medial side of the wrist between the distal end of 
the ulna and the wrist. 

Hyperextension and abduction of the thumb reveals the 
anatomical snuffbox (Fig. 7.119D). The medial margin 
of this triangular area is the tendon of the extensor pol- 
licis longus, which swings around the dorsal tubercle of 
the radius and then travels into the thumb. The lateral 
margin is formed by the tendons of the extensor pollicis 
brevis and abductor pollicis longus. The radial artery 
passes through the anatomical snuffbox when travel- 
ing laterally around the wrist to reach the back of the 
hand and penetrate the base of the first dorsal interos- 


A Thenar eminence 





Hypothenar eminence 


seous muscle to access the deep aspect of the palm of 
the hand. The pulse of the radial artery can be felt 
in the floor of the anatomical snuffbox in the relaxed 
wrist. The cephalic vein crosses the roof of the anatomi- 
cal snuffbox, and cutaneous branches of the radial 
nerve can be felt by moving a finger back and forth 
along the tendon of the extensor pollicis longus 
muscle. 


Normal appearance of the hand 


In the resting position, the palm and digits of the hand have 
a characteristic appearance. The fingers form a flexed 
arcade, with the little finger flexed the most and the index 
finger flexed the least (Fig. 7.120A). The pad of the thumb 
is positioned at a 90° angle to the pads of the fingers. 

A thenar eminence occurs at the base of the thumb and 
is formed by the underlying thenar muscles. A similar 
hypothenar eminence occurs along the medial margin of 
the palm at the base of the little finger. The appearance of 
the thenar and hypothenar eminences, and the positions 
of the fingers change when the ulnar and median nerves 
are compromised. 

Major superficial veins of the upper limb begin in the 
hand from a dorsal venous network (Fig. 7.120B), which 
overlies the metacarpals. The basilic vein originates from 
the medial side of the network and the cephalic vein origi- 
nates from the lateral side. 





Basilic vein Cephalic vein 


Dorsal 
venous network 


Fig. 7.120 Normal appearances of the hand. A. Palmar view with the thenar and hypothenar eminences and finger arcade. B. Dorsal view 
with dorsal venous network. 


Position of the flexor retinaculum 
and the recurrent branch of the 
median nerve 


The proximal margin of the flexor retinaculum can be 
determined using two bony landmarks. 


= The pisiform bone is readily palpable at the distal end of 
the flexor carpi ulnaris tendon. 

= The tubercle of the scaphoid can be palpated at the 
distal end of the flexor carpi radialis tendon as it enters 
the wrist (Fig. 7.121). 


An imaginary line between these two points marks the 
proximal margin of the flexor retinaculum. The distal 
margin of the flexor retinaculum is approximately deep to 
the point where the anterior margin of the thenar eminence 
meets the hypothenar eminence near the base of the palm. 
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radialis tendon 
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The recurrent branch of the median nerve lies deep to 
the skin and deep fascia overlying the anterior margin of 
the thenar eminence near the midline of the palm. 


Motor function of the median and 
ulnar nerves in the hand 


The ability to flex the metacarpophalangeal joints while at 
the same time extending the interphalangeal joints of the 
fingers is entirely dependent on the intrinsic muscles of the 
hand (Fig. 7.122A). These muscles are mainly innervated 
by the deep branch of the ulnar nerve, which carries fibers 
from spinal cord level (C8)T1. 

Adducting the fingers to grasp an object placed between 
them is caused by the palmar interossei muscles, which are 
innervated by the deep branch of the ulnar nerve carrying 
fibers from spinal cord level (C8)T1. 
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Hypothenar eminence 


Flexor retinaculum 


Fig. 7.121 Anterior hand to show the position of the flexor retinaculum and recurrent branch of the median nerve. 





Fig. 7.122 Motor function of the ulnar and median nerves in the hand. A. Flexing the metacarpophalangeal joints and extending the 
interphalangeal joints: the “ta-ta” position. B. Grasping an object between the fingers. C. Grasping an object between the pad of the thumb 


and pad of the index finger. 
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The ability to grasp an object between the pad of the vessel of variable size, which crosses the thenar emi- 
thumb and the pad of one of the fingers depends on normal nence from the radial artery in the distal forearm. 
functioning of the thenar muscles, which are innervated The deep palmar arch originates on the lateral side 
by the recurrent branch of the median nerve carrying of the palm deep to the long flexor tendons and between 
fibers from spinal cord level C8(T1). the proximal ends of metacarpals I and II. It arches 


medially across the palm and terminates by joining the 
deep branch of the ulnar artery, which passes through 


Visualizing the positions of the base of the hypothenar muscles and between the 


th e su pe rficia | an d deep pisiform and hook of the hamate. The deep palmar arch 
is more proximal in the hand than the superficial palmar 
palmar arches 


arch and lies approximately one-half of the distance 
The positions of the superficial and deep palmar arches in between the distal wrist crease and the proximal trans- 
the hand can be visualized using bony landmarks, muscle verse skin crease of the palm. 

eminences, and skin creases (Fig. 7.123). 


The superficial palmar arch begins as a continuation of Pu Ise pol nts 
the ulnar artery, which lies lateral to the pisiform bone Peripheral pulses can be felt at six locations in the upper 


784 


at the wrist. The arch curves laterally across the palm limb. 


anterior to the long flexor tendons in the hand. The 
arch reaches as high as the proximal transverse skin 
crease of the palm and terminates laterally by joining a 


Proximal transverse 
skin crease of palm 










Distal wrist crease 
Distal transverse 


Proximal skin crease of palm 


wrist crease 


Radial artery 









Ulnar artery Superficial palmar arch 


Pisiform Deep palmar arch 
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Fig. 7.123 Visualizing the positions of the superficial and deep 
palmar arches. The proximal transverse skin crease of the palm 
and distal wrist crease are labeled and the superficial and deep 
palmar arches shown in overlay. This also shows the position of 
the pisiform and the hook of the hamate. 


Axillary pulse: axillary artery in the axilla lateral to the 
apex of the dome of skin covering the floor of the axilla 
(Fig. 7.124A). 

Brachial pulse in midarm: brachial artery on the medial 
side of the arm in the cleft between the biceps brachii 
and triceps brachii muscles. This is the position where 
a blood pressure cuff is placed (Fig. 7.124B). 

Brachial pulse in the cubital fossa: brachial artery 
medial to the tendon of the biceps brachii muscle. This 
is the position where a stethoscope is placed to hear the 
pulse of the vessel when taking a blood pressure reading 
(Fig. 7.124B). 

Radial pulse in the distal forearm: radial artery imme- 
diately lateral to the tendon of the flexor carpi radialis 
muscle. This is the most common site for “taking a 
pulse.” 

Ulnar pulse in the distal forearm: ulnar artery immedi- 
ately under the lateral margin of the flexor carpi ulnaris 
tendon and proximal to the pisiform. 

Radial pulse in the anatomical snuffbox: radial artery 
as it crosses the lateral side of the wrist between the 
tendon of the extensor pollicis longus muscle and the 
tendons of the extensor pollicis brevis and abductor 
pollicis longus muscles. 
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Radial pulse in the anatomical snuffbox 


Fig. 7.124 Where to take peripheral artery pulses in the upper limb. A. Pulse points. B. Placement of blood pressure cuff and stethoscope. 785 
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Clinical cases 


Case 1 


SHOULDER PROBLEM AFTER FALLING ON AN 
OUTSTRETCHED HAND 


A 45-year-old man came to his physician 
complaining of pain and weakness in his right 
shoulder. The pain began after a fall on his 
outstretched hand approximately 6 months 
previously. The patient recalled having some minor 
shoulder tenderness but no other specific 
symptoms. He was otherwise fit and well. 


On examination of the shoulder, there was marked 
wasting of the muscles in the supraspinous and 
infraspinous fossae. The patient found initiation of 
abduction difficult and there was a weakness of 
lateral rotation of the humerus. 


The wasted muscles were the supraspinatus and 
infraspinatus. The cause of the muscle wasting was 
disuse. 


Muscle atrophy (wasting) occurs through a variety of 
disorders. Disuse atrophy is one of the most common 
causes. Examples of disuse atrophy include the loss of 
muscle bulk after fracture immobilization in a plaster 
cast. The opposite effect can also be demonstrated— 
when muscles are overused they become bulkier 
(hypertrophy). 


Case 2 


WINGED SCAPULA 


A 57-year-old woman underwent a right 
mastectomy for a breast cancer. The surgical note 
reported that all of the breast tissue had been 
removed, including the axillary process. In 
addition, the surgeon had dissected all lymph 
nodes within the axilla with their surrounding fat. 
The patient made an uneventful recovery. 


At the first follow-up appointment, the patient's 
husband told the surgeon that she had now 
developed a bony “spike” on her back. The surgeon 
was intrigued and asked the patient to reveal this 


The supraspinatus and infraspinatus muscles are 
supplied by the suprascapular nerve (C5, C6), which 
originates from the superior trunk of the brachial plexus. 
Given that only these muscles were involved, it is highly 
likely that the muscle atrophy is caused by denervation. 
Denervation may result from a direct nerve transection, 
nerve compression, or a pharmacologic effect on the 
nerve. 


The typical site for compression of the suprascapular 
nerve is the spinoglenoid notch (greater scapular notch) 
on the lateral margin of the spine of the scapula adjacent 
to the glenohumeral joint. The notch is bounded by soft 
tissue, which creates a fixed space through which the 
suprascapular nerve passes. 


The patient’s apparent minor injury damaged the 
fibrocartilaginous glenoid labrum, which allowed a 
cyst to form and pass along the anterosuperior border 
of the scapula to enter the spinoglenoid notch. The 
cyst then extended upward, so compressing the 
suprascapular nerve. 


Surgical excision of the damaged glenoid labrum and 
removal improved the patient’s symptoms. 


spike. At examination, the spike was the inferior angle 
of the scapula, which appeared to be sticking out 
posteriorly. Raising the arms accentuated this 
structure. 


The medial border of the scapula was accentuated and 
it was noted that there was some loss of bulk of the 
serratus anterior muscle, which attaches to the tip of 
the scapula. 


The nerve to this muscle was damaged. 


(continued) 


Case 2 (continued) 


During the surgery on the axilla, the long thoracic nerve 
was damaged as it passed down the lateral thoracic wall 
on the external surface of the serratus anterior, just deep 
to the skin and subcutaneous fascia. 


Case 3 
BRACHIAL PLEXUS NERVE BLOCK 


A surgeon wished to carry out a complex procedure 
on a patient’s wrist, and asked the anesthesiologist 
whether the whole arm could be numbed while 

the patient was awake. Within 20 minutes the 
anesthesiologist had carried out the procedure 
after injecting 10 ml of local anesthetic into the 
axilla. The surgeon went ahead with the operation 
and the patient did not feel a thing. 


The anesthetic was injected into the axillary sheath. 


It would be almost impossible to anesthetize the wrist in 
the forearm because local anesthetic would have to be 
placed accurately around the ulnar, median, and radial 
nerves. Furthermore, all of the cutaneous branches of the 
forearm would also have to be anesthetized individually, 
which would take a considerable amount of time and 
probably produce subtotal anesthesia. 


The nerves of the upper limb originate from the brachial 
plexus, which surrounds the axillary artery within the 
axilla. Importantly, the axillary artery, axillary vein, and 


Case 4 
COMPLICATION OF A FRACTURED FIRST RIB 


A 25-year-old woman was involved in a motor 
vehicle accident and thrown from her motorcycle. 
When she was admitted to the emergency room, 
she was unconscious. A series of tests and 
investigations were performed, one of which 
included chest radiography. The attending 
physician noted a complex fracture of the first rib 
on the left. 
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Although it is unlikely that the patient will improve 
because the nerve was transected, she was happy that 
she had an adequate explanation for the spike. 


brachial plexus lie within the sleeve-like covering of 
fascia, termed the axillary sheath. By injecting the 
anesthetic into the space enclosed by the axillary sheath, 
all of the nerves of the brachial plexus were paralyzed. 


It is possible with a patient’s arm abducted and externally 
rotated (palm behind the head) to easily palpate the 
axillary artery and therefore locate the position of the 
axillary sheath. Once the axillary artery has been 
identified, a small needle can be placed beside the vessel 
and local anesthetic can be injected on both sides of it. 
The local anesthetic tracks along the axillary sheath in 
this region. The brachial plexus surrounding the axillary 
artery is therefore completely anesthetized and an 
effective local anesthetic “block” is achieved. 


“Could there be any complications?” asks the patient. 


Potential complications are a direct needle spike of the 
branches of the brachial plexus, damage to the axillary 
artery, and inadvertent arterial injection of the local 
anesthetic. Fortunately, these are rare in skilled hands. 


Many important structures that supply the upper limb 
pass over rib l. 


It is important to test the nerves that supply the arm and 
hand, although this is extremely difficult to do in an 
unconscious patient. However, some muscle reflexes can 
be determined using a tendon hammer. Also, it may be 
possible to test for pain reflexes in patients with altered 
consciousness levels. Palpation of the axillary artery, 


(continued) 
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Case 4 (continued) 


brachial artery, radial artery, and ulnar artery pulses is 
necessary because a fracture of the first rib can sever and 
denude the subclavian artery, which passes over it. 


A chest drain was immediately inserted because the lung 
had collapsed. The fractured first rib had damaged the 
visceral and parietal pleurae, allowing air from a torn 
lung to escape into the pleural cavity. The lung collapsed, 
and the pleural cavity filled with air, which impaired lung 
function. 


A tube was inserted between the ribs, and the air was 
sucked out to re-inflate the lung. 


Case 5 


CARPAL TUNNEL SYNDROME? 


A 35-year-old woman comes to her physician 
complaining of tingling and numbness in the 
fingertips of the first, second, and third digits 
(thumb, index, and middle fingers). The symptoms 
were provoked by arm extension. Local anesthesia 
was also present around the base of the thenar 
eminence. 


The problem was diagnosed as median nerve 
compression. 


The median nerve is formed from the lateral and medial 
cords of the brachial plexus anterior to the axillary artery 
and passes into the arm anterior to the brachial artery. At 
the level of the elbow joint it sits medial to the brachial 
artery, both of which are medial to the tendon of biceps. 
In the forearm the nerve courses through the anterior 
compartment and passes deep to the flexor retinaculum. 
It innervates most of the muscles of the forearm, the 
thenar muscles, the two lateral lumbricals, and the skin 
over the palmar surface of the lateral three and one-half 
digits and over the lateral side of the palm and the 
middle of the wrist. 


The median nerve was believed to be trapped below 
the flexor retinaculum (carpal tunnel syndrome). 


Carpal tunnel syndrome is a common problem in young 
to middle-aged patients. Typically the nerve becomes 
compressed within the carpal tunnel and may be 
associated with a number of medical conditions, such as 
thyroid disease and pregnancy. Occasionally a small 
ganglion or a tumor situated within the carpal tunnel 
can also compress the nerve. Other possibilities include 
tenosynovitis in patients with rheumatoid arthritis. 


The first rib is a deep structure at the base of the neck. It is 
not uncommon for ribs to be broken after minor injuries, 
including sports injuries. However, rib |, which lies at the 
base of the neck, is surrounded by muscles and soft 
tissues that provide it with considerable protection. 
Therefore a patient with a fracture of the first rib has 
undoubtedly been subjected to a considerable force, 
which usually occurs in a deceleration injury. Other 
injuries should always be sought and the patient should 
be managed with a high level of concern for deep neck 
and mediastinal injuries. 


Nerve conduction studies were performed to confirm 
the clinical findings. 


Nerve conduction studies are a series of tests that send 
small electrical impulses along the length of a variety of 
nerves in order to measure the speed at which the nerve 
conducts these pulses. The speed of the nerve pulse can 
be measured and is referred to as the latency. In our 
patient it was noted that the nerve had normal latency to 
the elbow joint; however, below the elbow joint there was 
increased latency. 


The nerve conduction studies indicate the 
compression site at the elbow joint. 


The clinical findings are not consistent with carpal tunnel 
syndrome. The clinician should have been alerted to this 
problem, given that the patient experienced numbness 
over the thenar eminence of the hand. This clue indicates 
an understanding of the anatomy. Compression of the 
nerve within the carpal tunnel does not produce this 
numbness, because the small cutaneous branch that 
supplies this region is proximal to the flexor retinaculum. 


The etiology of the nerve compromise was the 
ligament of Struthers. 


The ligament of Struthers is an embryological remnant of 
the coracobrachialis muscle and is an extremely rare 
finding. Occasionally it may ossify and cross the nerve, 
artery, and vein to produce compression in arm 
extension. Although this is very rare and unusual, it 
illustrates the complex course of the median nerve. 


Case 6 


IMMOBILIZING EXTENSOR DIGITORUM 


After a hard day’s studying, two medical students 
decided to meet for coffee. The more senior 
student said to the freshman that he would bet him 
$50 that he could not lift a matchbook with a 
finger. The freshman placed $50 on the table and 
the bet was on. The senior medical student told the 
freshman to make a fist and place it in a palm- 
downward position, so that the middle phalanges 
of the fingers were in direct contact with the bar 
counter. He was then told to extend his middle 
finger so that it stuck forward while maintaining 
the middle phalanges of the index finger, the ring 
finger, and the little finger on the bar surface. 


Case 7 
TORN SUPRASPINATUS TENDON 


A 70-year-old woman came to an orthopedic 
surgeon with right shoulder pain and failure to 
initiate abduction of the shoulder. Further 
examination revealed loss of muscle bulk in the 
supraspinous fossa. The supraspinatus muscle was 
damaged. 


Abduction of the humerus at the glenohumeral joint is 
initiated by the supraspinatus muscle. After the shoulder 
has been abducted to 10°-15°, the deltoid muscle 
continues the movement. The patient was able to abduct 
her arm by lowering and tilting the glenohumeral joint 
inferiorly to enable the deltoid to obtain its mechanical 
advantage. 


The loss of muscle bulk in the supraspinous fossa 
suggested muscle atrophy. 


Muscle atrophy occurs when a muscle is not used. The 
orthopedic surgeon thought that there was a tear of the 
supraspinatus tendon beneath the acromion. If this was 
so, the muscle would atrophy. 


The diagnosis was confirmed by ultrasound scan. 


The patient was seated on a stool and her right shoulder 
was uncovered. The patient’s hand was placed over her 
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A matchbook was placed on top of the freshman’s 
middle fingernail and he was told to flip it. He 
couldn’t. He lost the $50. 


Extension of the index, middle, ring, and little fingers is 
performed by the extensor digitorum muscle. 


Placing the fist in a palm-down position on the table and 
pressing the middle phalanges onto the table effectively 
immobilizes the action of the extensor digitorum. The 
freshman was therefore unable to elevate his middle 
finger (which was sticking out). It is important to 
remember that if this same procedure is carried out 
leaving the index or little finger free to move, they do. 
This is because these two digits are extended not only by 
the extensor digitorum muscle, but also by the extensor 
indicis and extensor digiti minimi muscles, respectively. 


right buttock, a position that acts to externally rotate and 
extend the shoulder, exposing the supraspinatus tendon 
for ultrasound scan examination. The ultrasound 
revealed a completely torn tendon with fluid in the 
subacromial subdeltoid bursa (Fig. 7.125). The patient 
underwent a surgical repair and made a good recovery. 


Deltoid muscle 





Head of humerus Head of humerus 


Tear in supraspinatus tendon Normal supraspinatus tendon 


Fig. 7.125 Ultrasound showing a completely torn supraspinatus 
tendon with fluid in the subacromial subdeltoid bursa. 
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Case 8 


HOW TO EXAMINE THE HAND 


A resident was asked to carry out a clinical 
assessment of a patient’s hand. He examined 
the following: 


Musculoskeletal system 

The musculoskeletal system includes the bones, joints, 
muscles, and tendons. The resident looked for 
abnormalities and muscle wasting. Knowing which areas 
are wasted identifies the nerve that supplies them. She 
palpated the individual bones and palpated the scaphoid 
with the wrist in ulnar deviation. She examined the 
movement of joints because they may be restricted by 
joint disease or inability of muscular contraction. 


Circulation 

Palpation of both radial and ulnar pulses is necessary. 
The resident looked for capillary return to assess how well 
the hand was perfused. 


Examination of the nerves 
The three main nerves to the hand should be tested: 


Median nerve 

The median nerve innervates the skin on the palmar 
aspect of the lateral three and one-half digits, the dorsal 
aspect of the distal phalanx, half of the middle phalanges 
of the same fingers, and a variable amount on the radial 
side of the palm of the hand. Median nerve damage 
results in wasting of the thenar eminence, absence of 


abduction of the thumb, and absence of opposition of 
the thumb. 


Ulnar nerve 

The ulnar nerve innervates the skin of the anterior and 
posterior surfaces of the little finger and the ulnar side of 
the ring finger, the skin over the hypothenar eminence, 
and a similar strip of skin posteriorly. Sometimes the 
ulnar nerve innervates all the skin of the ring finger and 
the ulnar side of the middle finger. 


An ulnar nerve palsy results in wasting of the hypothenar 
eminence, absent flexion of the distal interphalangeal 
joints of the little and ring fingers, and absent abduction 
and adduction of the fingers. The thumb is unaffected. 


Radial nerve 

The radial nerve innervates a small area of skin over the 
lateral aspect of metacarpal | and the back of the first 
web space. 


The radial nerve also produces extension of the wrist and 
extension of the metacarpophalangeal and 
interphalangeal joints and of the digits. 


A very simple examination would include tests for the 
median nerve by opposition of the thumb, for the 

ulnar nerve by abduction and adduction of the digits, 
and for the radial nerve by extension of the wrist and 
fingers and feeling on the back of the first web space. 


Case 9 


SHOULDER JOINT PROBLEM 


A 35-year-old baseball pitcher came to the clinic 
with a history of a recurrent dislocation of the 
shoulder (Fig. 7.126). An MRI scan was performed 
to assess the shoulder joint prior to any treatment. 


The MRI demonstrates the anatomical structures in 
multiple planes, allowing the physician to obtain an 
overview of the shoulder and to assess any intra- or 
extra-articular structures that may have been damaged 
and require surgical repair. 


The MRI demonstrated a divot in the posterior superior 
aspect of the humeral head and a small fragment of 
bone and glenoid labrum that had become separated in 
the anterior-inferior aspect of the glenoid cavity. 


Shoulder dislocation is not an uncommon problem 
and may occur as a “once-off” or with repetitive injury 
may be recurrent. Recurrent dislocations may be 
bilateral and symmetric (a memory aid is “torn loose or 
born loose”). 


The MRI findings are typical for an anterior inferior 
dislocation, which is the most common type; moreover 
the MRI demonstrates the injuries that occur within the 
joint at the time of dislocation. These injuries include the 
abutment of the posterior superior aspect of the humeral 
head on the anterior inferior aspect of the glenoid cavity. 
This type of injury, when recurrent, may avulse a small 
fragment of the glenoid labrum, and in some cases this 
may attach to a small fragment of bone (the Bankart 
lesion). When the shoulder is relocated, the integrity of 
the capsular attachment antero-inferiorly has been 
disrupted, potentially making the shoulder somewhat 
prone to further dislocation. 


An arthroscopic repair was performed. 


Clinical cases * Case 9 


Arthroscopy of the shoulder is an established method for 
assessing the shoulder joint. Portals of entry are anterior 
and posterior and small holes in the capsule are made 
percutaneously. The shoulder joint is filled with saline, 
which distends it, allowing the arthroscope to move 
around the joint and inspect the joint surfaces, including 
the labrum. The labrum and its bony fragment were 
reattached and sutured using anchor sutures (somewhat 
similar to staples.) The anterior aspect of the capsule was 
also tightened. 


The patient made an uneventful recovery. 


After the procedure the arm was held in internal rotation 
and remained adducted. Gentle exercise and 
physiotherapy were performed and the patient returned 
back to playing baseball. 





Fig. 7.126 The radiograph, anterior—posterior view, 
demonstrates an anteroinferior dislocation of the humeral 
head at the glenohumeral joint. 
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Head and neck 


Conceptual overview 


GENERAL DESCRIPTION 


The head and neck are anatomically complex areas of 
the body. 


Head 
Major compartments 


The head is composed of a series of compartments, which 
are formed by bone and soft tissues. They are: 


the cranial cavity; 

two ears; 

two orbits; 

two nasal cavities; and 
an oral cavity (Fig. 8.1). 


The cranial cavity is the largest compartment and 
contains the brain and associated membranes (meninges). 


Orbits — | 





Nasal cavities and 
paranasal sinuses 


Nares 
Oropharyngeal 


Oral fissure isthmus 


Oral cavity 


Fig. 8.1 Major compartments of the head and neck. 





Most of the ear apparatus on each side is contained 
within one of the bones forming the floor of the cranial 
cavity. The external parts of the ears extend laterally from 
these regions. 

The two orbits contain the eyes. They are cone-shaped 
chambers immediately inferior to the anterior aspect of the 
cranial cavity, and the apex of each cone is directed pos- 
teromedially. The walls of the orbits are bone, whereas the 
base of each conical chamber can be opened and closed by 
the eyelids. 

The nasal cavities are the upper parts of the respira- 
tory tract and are between the orbits. They have walls, 
floors, and ceilings, which are predominantly composed of 
bone and cartilage. The anterior openings to the nasal 
cavities are nares (nostrils), and the posterior openings 
are choanae (posterior nasal apertures). 


Continuous with the nasal cavities are air-filled exten- 
sions (paranasal sinuses), which project laterally, supe- 
riorly, and posteriorly into surrounding bones. The largest, 
the maxillary sinuses, are inferior to the orbits. 

The oral cavity is inferior to the nasal cavities, and 
separated from them by the hard and soft palates. The 
floor of the oral cavity is formed entirely of soft tissues. 

The anterior opening to the oral cavity is the oral 
fissure (mouth), and the posterior opening is the oropha- 
ryngeal isthmus. Unlike the nares and choanae, which 
are continuously open, both the oral fissure and oropha- 
ryngeal isthmus can be opened and closed by surrounding 
soft tissues. 


Other anatomically defined regions 


In addition to the major compartments of the head, two 
other anatomically defined regions (infratemporal fossa 
and pterygopalatine fossa) of the head on each side are 
areas of transition from one compartment of the head to 
another (Fig. 8.2). The face and scalp also are anatomically 
defined areas of the head and are related to external 
surfaces. 

The infratemporal fossa is an area between the pos- 
terior aspect (ramus) of the mandible and a flat region of 
bone (lateral plate of the pterygoid process) just posterior 
to the upper jaw (maxilla). This fossa, bounded by bone 
and soft tissues, is a conduit for one of the major cranial 
nerves—the mandibular nerve (the mandibular division of 
the trigeminal nerve [V;3]), which passes between the 
cranial and oral cavities. 

The pterygopalatine fossa on each side is just poste- 
rior to the upper jaw. This small fossa communicates with 
the cranial cavity, the infratemporal fossa, the orbit, the 
nasal cavity, and the oral cavity. A major structure passing 


Scalp 






Face 


Fig. 8.3 Muscles of the face. 


Orbicularis oculi 


Orbicularis oris 


through the pterygopalatine fossa is the maxillary nerve 
(the maxillary division of the trigeminal nerve [V,]). 

The face is the anterior aspect of the head and contains 
a unique group of muscles that move the skin relative to 
underlying bone and control the anterior openings to the 
orbits and oral cavity (Fig. 8.3). 

The scalp covers the superior, posterior, and lateral 
regions of the head (Fig. 8.3). 


Pterygopalatine fossa Lateral plate of 


pterygoid process 


Mandibular nerve [V3] 


Maxillary nerve [V5] 







- GI : 
a As Infratemporal fossa 


Ramus of mandible 


Fig. 8.2 Areas of transition from one compartment of the head 
to another. 
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Head and neck 


Neck 


The neck extends from the head above to the shoulders 
and thorax below (Fig. 8.4). Its superior boundary is along 
the inferior margins of the mandible and bone features on 
the posterior aspect of the skull. The posterior neck is 
higher than the anterior neck to connect cervical viscera 
with the posterior openings of the nasal and oral cavities. 

The inferior boundary of the neck extends from the top 
of the sternum, along the clavicle, and onto the adjacent 
acromion, a bony projection of the scapula. Posteriorly, the 
inferior limit of the neck is less well defined, but can be 
approximated by a line between the acromion and the 
spinous process of vertebra CVII, which is prominent and 


Superior nuchal line 






Mastoid process 


Mandible 





Acromion 


Clavicle Manubrium of sternum 


Fig. 8.4 Boundaries of the neck. 


easily palpable. The inferior border of the neck encloses the 
base of the neck. 


Compartments 


The neck has four major compartments (Fig. 8.5), which 
are enclosed by an outer musculofascial collar: 


= the vertebral compartment contains the cervical verte- 
brae and associated postural muscles; 

=m the visceral compartment contains important glands 
(thyroid, parathyroid, and thymus), and parts of the 
respiratory and digestive tracts that pass between the 
head and thorax; and 

= the two vascular compartments, one on each side, 
contain the major blood vessels and the vagus nerve. 


Visceral compartment 


Vascular 
compartment 


Musculofascial collar 


Investing fascia 
l 9 ) Anterior 





Posterior 


Vertebral compartment 


Fig. 8.5 Major compartments of the neck. 


Larynx and pharynx 


The neck contains two specialized structures associated 
with the digestive and respiratory tracts—the larynx and 
pharynx. 

The larynx (Fig. 8.6) is the upper part of the lower 
airway and is attached below to the top of the trachea and 
above, by a flexible membrane, to the hyoid bone, which 
in turn is attached to the floor of the oral cavity. A number 
of cartilages form a supportive framework for the larynx, 
which has a hollow central channel. The dimensions of 
this central channel can be adjusted by soft tissue struc- 
tures associated with the laryngeal wall. The most impor- 
tant of these are two lateral vocal folds, which project 
toward each other from adjacent sides of the laryngeal 
cavity. The upper opening of the larynx (laryngeal inlet) 
is tilted posteriorly, and is continuous with the pharynx. 

The pharynx (Fig. 8.6) is a chamber in the shape of a 
half-cylinder with walls formed by muscles and fascia. 
Above, the walls are attached to the base of the skull, and 
below to the margins of the esophagus. On each side, the 
walls are attached to the lateral margins of the nasal cavi- 
ties, the oral cavity, and the larynx. The two nasal cavities, 
the oral cavity, and the larynx therefore open into the 


A 


Nasal cavities 










Laryngeal inlet 









anterior aspect of the pharynx, and the esophagus opens 
inferiorly. 

The part of the pharynx posterior to the nasal cavities is 
the nasopharynx. Those parts posterior to the oral cavity 
and larynx are the oropharynx and laryngopharynx, 
respectively. 


FUNCTIONS 


Protection 


The head houses and protects the brain and all the receptor 
systems associated with the special senses—the nasal 
cavities associated with smell, the orbits with vision, the 
ears with hearing and balance, and the oral cavity with 
taste. 


Contains upper parts of 
respiratory and digestive tracts 


The head contains the upper parts of the respiratory and 
digestive systems—the nasal and oral cavities—which 
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Fig. 8.6 Specialized structures of the neck. A. Conceptual view. B. Anatomical view. 799 
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Head and neck 


have structural features for modifying the air or food 
passing into each system. 


Communication 


The head and neck are involved in communication. Sounds 
produced by the larynx are modified in the pharynx and 
oral cavity to produce speech. In addition, the muscles of 
facial expression adjust the contours of the face to relay 
nonverbal signals. 


Positioning the head 


The neck supports and positions the head. Importantly, it 
enables an individual to position sensory systems in the 
head relative to environmental cues without moving the 
entire body. 


Fig. 8.7 Skull. A. Bones. 





Connects the upper and lower 
respiratory and digestive tracts 


The neck contains specialized structures (pharynx and 
larynx) that connect the upper parts of the digestive and 
respiratory tracts (nasal and oral cavities) in the head, with 
the esophagus and trachea, which begin relatively low in 
the neck and pass into the thorax. 


COMPONENT PARTS 
Skull 


The many bones of the head collectively form the skull 
(Fig. 8.7A). Most of these bones are interconnected by 
sutures, which are immovable fibrous joints (Fig. 8.7B). 


In the fetus and newborn, large membranous and unos- 
sified gaps (fontanelles) between the bones of the skull, 
particularly between the large flat bones that cover the top 
of the cranial cavity (Fig. 8.7C), allow: 


= the head to deform during its passage through the birth 


canal; and 
= postnatal growth. 


Coronal suture 





Fig. 8.7, contd Skull. B. Sutures. C. Fontanelles and lambdoid suture. 


Sagittal suture 





Most of the fontanelles close during the first year of life. 
Full ossification of the thin connective tissue ligaments 
separating the bones at the suture lines begins in the late 
twenties, and is normally completed in the fifth decade 
of life. 

There are only three pairs of synovial joints on each side 
in the head. The largest are the temporomandibular joints 
between the lower jaw (mandible) and the temporal bone. 
The other two synovial joints are between the three tiny 
bones in the middle ear, the malleus, incus, and stapes. 


Coronal suture 


Sagittal suture 





Lambdoid suture 


Anterior fontanelle 


Posterior fontanelle 
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Head and neck 





= transverse processes that contain a foramen (foramen 


Cervical vertebrae anera Tiin. 
The seven cervical vertebrae form the bony framework of 
the neck. Together the foramina transversarium form a longitu- 
Cervical vertebrae (Fig. 8.8A) are characterized by: dinal passage on each side of the cervical vertebral column 
for blood vessels (vertebral artery and veins) passing 
= small bodies; between the base of the neck and the cranial cavity. 


= bifid spinous processes; and 


A Arch . 
Spinous process 






Superior articular facet 


Foramen transversarium 


Posterior tubercle 


Transverse process 


B Anterior arch 
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(for occipital condyle) Articular facet 
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Apical ligament 
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Occipital condyle 
Axis (Cll) 


Transverse 
ligament of atlas 
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longitudinal 
ligament 


Inferior longitudinal band 
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Fig. 8.8 Cervical vertebrae. A. Typical features. B. Atlas—vertebra Cl (superior view). C. Axis—vertebra CII (anterior view). D. Atlas and axis 
802 (anterolateral view). E. Atlanto-occipital joint (posterior view). 


The typical transverse process of a cervical vertebra also 
has anterior and posterior tubercles for muscle attach- 
ment. The anterior tubercles are derived from the same 
embryological elements that give rise to ribs in the thoracic 
region. Occasionally, cervical ribs develop from these ele- 
ments, particularly in association with the lower cervical 
vertebrae. 

The upper two cervical vertebrae (CI and CII) are 
modified for moving the head (Fig. 8.8B—8.8E) (see also 
Chapter 2). 


Hyoid bone 


The hyoid bone is a small U-shaped bone (Fig. 8.9A) ori- 
ented in the horizontal plane just superior to the larynx, 
where it can be palpated and moved from side to side. 


Greater horn 







Lesser horn 


Floor of mouth 
(mylohyoid muscle) 


Body of hyoid bone Thyrohyoid membrane 


Fig. 8.9 Hyoid. A. Bone. B. Attachments. 





= The body of hyoid bone is anterior and forms the base 
of the U. 

= The two arms of the U (greater horns) project poste- 
riorly from the lateral ends of the body. 


The hyoid bone does not articulate directly with any 
other skeletal elements in the head and neck. 

The hyoid bone is a highly movable and strong bony 
anchor for a number of muscles and soft tissue structures 
in the head and neck. Significantly, it is at the interface 
between three dynamic compartments: 


= superiorly, it is attached to the floor of the oral cavity; 
= inferiorly, it is attached to the larynx; 
= posteriorly, it is attached to the pharynx (Fig. 8.9B). 











Stylohyoid ligament 
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Head and neck 


Soft palate 


The soft palate is a soft tissue flap-like structure “hinged” 
to the back of the hard palate (Fig. 8.10A) with a free pos- 
terior margin. It can be elevated and depressed by muscles 
(Fig. 8.10B). 

The soft palate and associated structures can be clearly 
seen through an open mouth. 


Muscles 


The skeletal muscles of the head and neck can be grouped 
on the basis of function, innervation, and embryological 
derivation. 


In the head 


The muscle groups in the head include: 


= the extra-ocular muscles (move the eyeball and open 
the upper eyelid); 

= muscles of the middle ear (adjust the movement of the 
middle ear bones); 


Choanae 


Soft palate 







}- Nasopharynx 


Laryngopharynx 


Oropharyngeal 
isthmus 





Fig. 8.10 Soft palate. A. Position. B. Muscles. 











muscles of facial expression (move the face); 

muscles of mastication (move the jaw—temporoman- 

dibular joint); 

= muscles of the soft palate (elevate and depress the 
palate); and 

= muscles of the tongue (move and change the contour 

of the tongue). 


In the neck 


In the neck, major muscle groups include: 


= muscles of the pharynx (constrict and elevate the 
pharynx); 

= muscles of the larynx (adjust the dimensions of the air 
pathway); 

= strap muscles (position the larynx and hyoid bone in 
the neck); 

= muscles of the outer cervical collar (move the head and 
upper limb); and 

= postural muscles in the muscular compartment of the 
neck (position the neck and head). 


Tensor veli palatini muscle 


Oral cavity 


Levator veli 
palatini muscle 


Pharynx 


Palatine tonsil 


Palatopharyngeus 
muscle 
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RELATIONSHIP TO 
OTHER REGIONS 


Thorax 


The superior thoracic aperture (thoracic inlet) opens 
directly into the base of the neck (Fig. 8.11). Structures 
passing between the head and thorax pass up and down 
through the superior thoracic aperture and the visceral 
compartment of the neck. At the base of the neck, the 
trachea is immediately anterior to the esophagus, which is 
directly anterior to the vertebral column. There are major 


Superior thoracic aperture 





Brachial plexus 


Axillary inlet 


Fig. 8.11 Superior thoracic aperture and axillary inlets. 


Thyroid cartilage 


Cricoid cartilage 


Trachea 


Esophagus 


Fig. 8.12 Important vertebral levels—CIII/CIV and CV/CVI. 





veins, arteries, and nerves anterior and lateral to the 
trachea. 


Upper limbs 


There is an axillary inlet (gateway to the upper limb) on 
each side of the superior thoracic aperture at the base of 
the neck (Fig. 8.11): 


= structures such as blood vessels pass over rib I when 
passing between the axillary inlet and thorax; 

= cervical components of the brachial plexus pass directly 
from the neck through the axillary inlets to enter the 
upper limb. 


Esophagus 
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Head and neck 


KEY FEATURES 
Vertebral levels CIII/IV and CV/VI 


In the neck, the two important vertebral levels (Fig. 
8.12) are: 


= between CIII and CIV, at approximately the superior 
border of the thyroid cartilage of the larynx (which can 
be palpated) and where the major artery on each side 
of the neck (the common carotid artery) bifurcates 
into internal and external carotid arteries; and 

= between CV and CVI, which marks the lower limit of 
the pharynx and larynx, and the superior limit of the 
trachea and esophagus—the indentation between the 
cricoid cartilage of the larynx and the first tracheal ring 
can be palpated. 


The internal carotid artery has no branches in the neck 
and ascends into the skull to supply much of the brain. It 












Cricothyroid ligament 


Omohyoid 


Sternohyoid 


Fig. 8.13 Larynx and associated structures in the neck. 


also supplies the eye and orbit. Other regions of the head 
and neck are supplied by branches of the external carotid 
artery. 


Airway in the neck 


The larynx (Fig. 8.13) and the trachea are anterior to the 
digestive tract in the neck, and can be accessed directly 
when upper parts of the system are blocked. A cricothy- 
rotomy makes use of the easiest route of access through 
the cricothyroid ligament (cricovocal membrane, crico- 
thyroid membrane) between the cricoid and thyroid carti- 
lages of the larynx. The ligament can be palpated in the 
midline, and usually there are only small blood vessels, 
connective tissue, and skin (though occasionally, a small 
lobe of the thyroid gland—pyramidal lobe) overlying it. At 
a lower level, the airway can be accessed surgically through 
the anterior wall of the trachea by tracheostomy. This 
route of entry is complicated because large veins and part 
of the thyroid gland overlie this region. 


Thyroid cartilage 
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Cranial nerves 


There are twelve pairs of cranial nerves and their defining 
feature is that they exit the cranial cavity through foram- 
ina or fissures. 

All cranial nerves innervate structures in the head or 
neck. In addition, the vagus nerve [X] descends through 
the neck and into the thorax and abdomen where it inner- 
vates viscera. 

Parasympathetic fibers in the head are carried out of the 
brain as part of four cranial nerves—the oculomotor nerve 


Ciliary ganglion 






Pterygopalatine 
ganglion 





Fig. 8.14 Cranial nerves and parasympathetic innervation. 





[III], the facial nerve [VII], the glossopharyngeal nerve 
[IX], and the vagus nerve [X] (Fig. 8.14). Parasympathetic 
fibers in the oculomotor nerve [III], the facial nerve [VII], 
and the glossopharyngeal nerve [IX] destined for target 
tissues in the head leave these nerves, and are distributed 
with branches of the trigeminal nerve [V]. 

The vagus nerve [X] leaves the head and neck to deliver 
parasympathetic fibers to the thoracic and abdominal 
viscera. 
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Cervical nerves 


There are eight cervical nerves (C1 to C8): 


= Cl to C7 emerge from the vertebral canal above their 
respective vertebrae; 

= C8 emerges between vertebrae CVII and TI (Fig. 
8.15A). 


The anterior rami of C1 to C4 form the cervical plexus. 
The major branches from this plexus supply the strap 
muscles, the diaphragm (phrenic nerve), skin on the ante- 
rior and lateral parts of the neck, skin on the upper anterior 
thoracic wall, and skin on the inferior parts of the head 
(Fig. 8.15B). 
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The anterior rami of C5 to C8, together with a large 
component of the anterior ramus of T1, form the brachial 
plexus, which innervates the upper limb. 


Functional separation 
of the digestive and 
respiratory passages 


The pharynx is a common chamber for the digestive and 
respiratory tracts. Consequently, breathing can take place 
through the mouth as well as through the nose, and mate- 
rial from the oral cavity can potentially enter either the 
esophagus or the larynx. Importantly: 
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Fig. 8.15 Cervical nerves. 
A. Structure. B. Dermatomes. 
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= the lower airway can be accessed through the oral 
cavity by intubation; 

= the digestive tract (esophagus) can be accessed through 
the nasal cavity by feeding tubes. 


Normally, the soft palate, epiglottis, and soft tissue 
structures within the larynx act as valves to prevent food 
and liquid from entering lower parts of the respiratory 
tract (Fig. 8.16A). 
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Fig. 8.16 Larynx, soft palate, epiglottis, and oropharyngeal isthmus. A. Overall design. 


During normal breathing, the airway is open and air 
passes freely through the nasal cavities (or oral cavity), 
pharynx, larynx, and trachea (Fig. 8.16A). The lumen of 
the esophagus is normally closed because, unlike the 
airway, it has no skeletal support structures to hold it 
open. 

When the oral cavity is full of liquid or food, the soft 
palate is swung down (depressed) to close the oropharyn- 
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Fig. 8.16, cont’d Larynx, soft palate, epiglottis, and oropharyngeal isthmus. B. Normal breathing. C. Breathing with food or liquid in the oral 
cavity. D. Swallowing. E. In a newborn child. 
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geal isthmus, thereby allowing manipulation of food and 
fluid in the oral cavity while breathing (Fig. 8.16C). 

When swallowing, the soft palate and parts of the 
larynx act as valves to ensure proper movement of food 
from the oral cavity into the esophagus (Fig. 8.16D). 

The soft palate elevates to open the oropharyngeal 
isthmus while at the same time sealing off the nasal part 
of the pharynx from the oral part. This prevents food and 
fluid from moving upward into the nasopharynx and 
nasal cavities. 

The epiglottis of the larynx closes the laryngeal inlet and 
much of the laryngeal cavity becomes occluded by opposi- 
tion of the vocal folds and soft tissue folds superior to them. 
In addition, the larynx is pulled up and forward to facilitate 
the moving of food and fluid over and around the closed 
larynx and into the esophagus. 

In newborns, the larynx is high in the neck and the 
epiglottis is above the level of the soft palate (Fig. 8.16E). 
Babies can therefore suckle and breathe at the same time. 
Liquid flows around the larynx without any danger of 
entering the airway. During the second year of life, the 
larynx descends into the low cervical position characteris- 
tic of adults. 










Anterior midline of neck 


Axillary inlet 


Superior thoracic aperture 


Clavicle 


Fig. 8.17 Anterior and posterior triangles of neck. 





Triangles of the neck 


The two muscles (trapezius and sternocleidomastoid) that 

form part of the outer cervical collar divide the neck into 

anterior and posterior triangles on each side (Fig. 8.17). 
The boundaries of each anterior triangle are: 


the median vertical line of the neck; 

the inferior margin of the mandible; 

the anterior margin of the _ sternocleidomastoid 
muscle. 


The posterior triangle is bounded by: 


the middle one-third of the clavicle; 
the anterior margin of trapezius; and 
the posterior margin of the sternocleidomastoid. 


Major structures that pass between the head and thorax 
can be accessed through the anterior triangle. 

The posterior triangle in part lies over the axillary inlet, 
and is associated with structures (nerves and vessels) that 
pass into and out of the upper limb. 
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Head and neck 


Regional anatomy 


SKULL 


The skull has 22 bones, excluding the ossicles of the ear. 
Except for the mandible, which forms the lower jaw, the 
bones of the skull are attached to each other by sutures, 
are immobile, and form the cranium. 

The cranium can be subdivided into: 


an upper domed part (the calvaria), which covers the 
cranial cavity containing the brain; 

a base that consists of the floor of the cranial cavity; 
and 

a lower anterior 
(viscerocranium). 


part—the facial skeleton 


The bones forming the calvaria are mainly the paired 
temporal and parietal bones, and parts of the unpaired 
frontal, sphenoid, and occipital bones. 

The bones forming the base of the cranium are mainly 
parts of the sphenoid, temporal, and occipital bones. 

The bones forming the facial skeleton are the paired 
nasal bones, palatine bones, lacrimal bones, zygomatic 
bones, maxillae, inferior nasal conchae, and the unpaired 
vomer. 

The mandible is not part of the cranium nor part of the 
facial skeleton. 


Anterior view 


The anterior view of the skull includes the forehead supe- 
riorly, and, inferiorly, the orbits, the nasal region, the 
part of the face between the orbit and the upper jaw, the 
upper jaw, and the lower jaw (Fig. 8.18). 


Frontal bone 


The forehead consists of the frontal bone, which also 
forms the superior part of the rim of each orbit (Fig. 
8.18). 

Just superior to the rim of the orbit on each side are the 
raised superciliary arches. These are more pronounced 
in men than in women. Between these arches is a small 
depression (the glabella). 

Clearly visible in the medial part of the superior rim of 
each orbit is the supra-orbital foramen (supra-orbital 
notch; Table 8.1). 


Table 8.1 


Foramen 

Anterior view 
Supra-orbital foramen 
Infra-orbital foramen 
Mental foramen 

Lateral view 
Zygomaticofacial foramen 
Superior view 

Parietal foramen 

Inferior view 


Incisive foramina 


Greater palatine foramen 
Lesser palatine foramina 
Pterygoid canal 


Foramen ovale 


Foramen spinosum 
Foramen lacerum 


Carotid canal 


Foramen magnum 


Condylar canal 
Hypoglossal canal 


Jugular foramen 


Stylomastoid foramen 


External foramina of the skull 


Structures passing through foramen 


Supra-orbital nerve and vessels 
Infra-orbital nerve and vessels 


Mental nerve and vessels 


Zygomaticofacial nerve 


Emissary veins 


Nasopalatine nerve; sohenopalatine 
vessels 


Greater palatine nerve and vessels 
Lesser palatine nerves and vessels 
Pterygoid nerve and vessels 


Mandibular nerve [V3]; lesser petrosal 
nerve 


Middle meningeal artery 
Filled with cartilage 


Internal carotid artery and nerve 
plexus 


Continuation of brain and spinal cord; 
vertebral arteries and nerve plexuses; 

anterior spinal artery; posterior spinal 

arteries; roots of accessory nerve [XI]; 

meninges 


Emissary veins 
Hypoglossal nerve [XII] and vessels 


Internal jugular vein; inferior petrosal 
sinus; glossopharyngeal nerve [IX]; 
vagus nerve [X]; accessory nerve [XI] 


Facial nerve [VII] 
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Fig. 8.18 Anterior view of the skull. 


Medially, the frontal bone projects inferiorly forming a 
part of the medial rim of the orbit. 

Laterally, the zygomatic process of the frontal bone 
projects inferiorly forming the upper lateral rim of the 
orbit. This process articulates with the frontal process of 
the zygomatic bone. 


Zygomatic and nasal bones 


The lower lateral rim of the orbit, as well as the lateral part 
of the inferior rim of the orbit is formed by the zygomatic 
bone (the cheekbone). 
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Superiorly, in the nasal region the paired nasal bones 
articulate with each other in the midline, and with the 
frontal bone superiorly. The center of the frontonasal 
suture formed by the articulation of the nasal bones and 
the frontal bone is the nasion. 

Laterally, each nasal bone articulates with the frontal 
process of each maxilla. 

Inferiorly, the piriform aperture is the large opening 
in the nasal region and the anterior opening of the nasal 
cavity. It is bounded superiorly by the nasal bones and 
laterally and inferiorly by each maxilla. 
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Head and neck 


Visible through the piriform aperture are the fused 
nasal crests, forming the lower part of the bony nasal 
septum and ending anteriorly as the anterior nasal 
spine, and the paired inferior nasal conchae. 


Maxillae 


The part of the face between the orbit and the upper teeth 
and each upper jaw is formed by the paired maxillae. 

Superiorly, each maxilla contributes to the inferior and 
medial rims of the orbit. 

Laterally, the zygomatic process of each maxilla artic- 
ulates with the zygomatic bone and medially, the frontal 
process of each maxilla articulates with the frontal bone. 

Inferiorly, the part of each maxilla, lateral to the opening 
of the nasal cavity, is the body of maxilla. 

On the anterior surface of the body of maxilla, just below 
the inferior rim of the orbit, is the infra-orbital foramen 
(Table 8.1). 

Inferiorly, each maxilla ends as the alveolar process, 
which contains the teeth and forms the upper jaw. 


Mandible 


The lower jaw (mandible) is the most inferior structure in 
the anterior view of the skull. It consists of the body of 
mandible anteriorly and the ramus of mandible poste- 
riorly. These meet posteriorly at the angle of mandible. 
All these parts of the mandible are visible, to some extent, 
in the anterior view. 

The body of mandible is arbitrarily divided into two 
parts: 


the lower part is the base of mandible; 
the upper part is the alveolar part of mandible. 


The alveolar part of mandible contains the teeth and is 
resorbed when the teeth are removed. The base of mandi- 
ble has a midline swelling (the mental protuberance) on 
its anterior surface where the two sides of the mandible 
come together. Just lateral to the mental protuberance, on 
either side, are slightly more pronounced bumps (mental 
tubercles). 

Laterally, a mental foramen (Table 8.1) is visible 
halfway between the upper border of the alveolar part of 


mandible and the lower border of the base of mandible. 
Continuing past this foramen is a ridge (the oblique line) 
passing from the front of the ramus onto the body of man- 
dible. The oblique line is a point of attachment for muscles 
that depress the lower lip. 


Lateral view 


The lateral view of the skull consists of the lateral wall of 
the cranium, which includes lateral portions of the cal- 
varia and the facial skeleton, and half of the lower jaw 
(Fig. 8.19): 


bones forming the lateral portion of the calvaria include 
the frontal, parietal, occipital, sphenoid, and temporal 
bones; 

bones forming the visible part of the facial skeleton 
include the nasal, maxilla, and zygomatic bones. 

the mandible forms the visible part of the lower jaw. 


Lateral portion of the calvaria 


The lateral portion of the calvaria begins anteriorly with 
the frontal bone. In upper regions, the frontal bone articu- 
lates with the parietal bone at the coronal suture. The 
parietal bone then articulates with the occipital bone at 
the lambdoid suture. 

In lower parts of the lateral portion of the calvaria, the 
frontal bone articulates with the greater wing of sphe- 
noid bone (Fig. 8.19), which then articulates with the 
parietal bone at the sphenoparietal suture, and with the 
anterior edge of the temporal bone at the sphenosqua- 
mous suture. 

The junction where the frontal, parietal, sphenoid, and 
temporal bones are in close proximity is the pterion. The 
clinical consequences of a skull fracture in this area can be 
very serious. The bone in this area is particularly thin and 
overlies the anterior division of the middle meningeal 
artery, which can be torn by a skull fracture in this area, 
resulting in an extradural hematoma. 

The final articulation across the lower part of the lateral 
portion of the calvaria is between the temporal bone and 
the occipital bone at the occipitomastoid suture. 
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Fig. 8.19 Lateral view of the skull. 
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Temporal bone 


A major contributor to the lower portion of the lateral wall 
of the cranium is the temporal bone (Fig. 8.19), which 
consists of several parts: 


the squamous part has the appearance of a large flat 
plate, forms the anterior and superior parts of the 
temporal bone, contributes to the lateral wall of the 
cranium, and articulates anteriorly with the greater 
wing of the sphenoid bone at the sphenosquamous 
suture, and with the parietal bone superiorly at the 
squamous suture; 

the zygomatic process is an anterior bony projection 
from the lower surface of the squamous part of the tem- 
poral bone that initially projects laterally and then 
curves anteriorly to articulate with the temporal process 
of the zygomatic bone to form the zygomatic arch; 
immediately below the origin of the zygomatic process 
from the squamous part of the temporal bone is the 
tympanic part of the temporal bone, and clearly visible 
on the surface of this part is the external acoustic 
opening leading to the external acoustic meatus 
(ear canal); 

the petromastoid part, which is usually separated into 
a petrous part and a mastoid part for descriptive 
purposes. 


The mastoid part is the most posterior part of the tem- 
poral bone, and is the only part of the petromastoid part of 
the temporal bone seen on a lateral view of the skull. It is 
continuous with the squamous part of the temporal bone 
anteriorly, and articulates with the parietal bone superi- 
orly at the parietomastoid suture, and with the occipital 
bone posteriorly at the occipitomastoid suture. These two 
sutures are continuous with each other, and the parieto- 
mastoid suture is continuous with the squamous suture. 

Inferiorly, a large bony prominence (the mastoid 
process) projects from the inferior border of the mastoid 
part of the temporal bone. This is a point of attachment for 
several muscles. 

Medial to the mastoid process, the styloid process 
projects from the lower border of the temporal bone. 


Visible part of the facial skeleton 


The bones of the viscerocranium visible in a lateral view of 
the skull include the nasal, maxilla, and zygomatic bones 
(Fig. 8.19) as follows: 


a nasal bone anteriorly; 

the maxilla with its alveolar process containing teeth 
forming the upper jaw; anteriorly, it articulates with 
the nasal bone; superiorly, it contributes to the forma- 


tion of the inferior and medial borders of the orbit; medi- 
ally, its frontal process articulates with the frontal 
bone; laterally, its zygomatic process articulates with 
the zygomatic bone; 

the zygomatic bone, an irregularly shaped bone with a 
rounded lateral surface that forms the prominence 
of the cheek, is a visual centerpiece in this view— 
medially, it assists in the formation of the inferior rim of 
the orbit through its articulation with the zygomatic 
process of the maxilla; superiorly, its frontal process 
articulates with the zygomatic process of the frontal 
bone assisting in the formation of the lateral rim of the 
orbit; laterally, seen prominently in this view of the 
skull, the horizontal temporal process of the zygomatic 
bone projects backward to articulate with the zygo- 
matic process of the temporal bone and so form the 
zygomatic arch. 


Usually a small foramen (the zygomaticofacial 
foramen; Table 8.1) is visible on the lateral surface of the 
zygomatic bone. A zygomaticotemporal foramen is 
present on the medial deep surface of the bone. 


Mandible 


The final bony structure visible in a lateral view of the skull 
is the mandible. Inferiorly in the anterior part of this view, 
it consists of the anterior body of mandible, a posterior 
ramus of mandible, and the angle of mandible where the 
inferior margin of the mandible meets the posterior 
margin of the ramus (Fig. 8.19). 

The teeth are in the alveolar part of the body of mandi- 
ble and the mental protuberance is visible in this view. 

The mental foramen is on the lateral surface of the body 
and on the superior part of the ramus a condylar and 
coronoid process extend upward. 

The condylar process is involved in articulation of the 
mandible with the temporal bone, and the coronoid process 
is the point of attachment for the temporalis muscle. 


Posterior view 


The occipital, parietal, and temporal bones are seen in the 
posterior view of the skull. 


Occipital bone 


Centrally the flat or squamous part of occipital bone is 
the main structure in this view of the skull (Fig. 8.20). It 
articulates superiorly with the paired parietal bones at the 
lambdoid suture and laterally with each temporal bone at 
the occipitomastoid sutures. Along the lambdoid suture 
small islands of bone (sutural bones or wormian bones) 
may be observed. 





Several bony landmarks are visible on the occipital 
bone. There is a midline projection, (the external occipi- 
tal protuberance) with curved lines extending laterally 
from it (superior nuchal lines). The most prominent 
point of the external occipital protuberance is the inion. 
About 1 inch (2.5 cm) below the superior nuchal lines two 
additional lines (the inferior nuchal lines) curve later- 
ally. Extending downward from the external occipital pro- 
tuberance is the external occipital crest. 
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Fig. 8.20 Posterior view of the skull. 


' y j 14 


Temporal bones 


Laterally, the temporal bones are visible in the posterior 
view of the skull, with the mastoid processes being the 
prominent feature (Fig. 8.20). On the inferomedial border 
of each mastoid process is a notch (the mastoid notch), 
which is a point of attachment for the posterior belly of the 
digastric muscle. 


Sagittal suture 


Parietal bone 


Squamous part of 
occipital bone 


Occipitomastoid suture 





® 
Ay 


Superior nuchal line 


cad i" LA \ N 


Inion 


817 


Head and neck 










Frontal bone 


Coronal suture 
Bregma 


Sagittal suture 
Parietal bone 


Parietal foramen 


Lambdoid suture 


Occipital bone Lambda 


Fig. 8.21 Superior view of the skull. 


Superior view 


The frontal bone, parietal bones, and occipital bone are 
seen in a superior view of the skull (Fig. 8.21). These bones 
make up the superior part of the calvaria or the calva 
(skullcap). 

In an anterior to posterior direction: 


= the unpaired frontal bone articulates with the paired 
parietal bones at the coronal suture; 

= the two parietal bones articulate with each other in the 
midline at the sagittal suture; +t} —-} + 

= the parietal bones articulate with the unpaired occipital joo Ved bee | 
bone at the lambdoid suture. 


Scalp 


The junction of the sagittal and coronal sutures is the 
bregma, and the junction of the sagittal and lambdoid 
sutures is the lambda. 

The only foramen visible in this view of the skull may 
be the paired parietal foramina, posteriorly, one on each 
parietal bone just lateral to the sagittal suture (Fig. 8.21). 

The bones making up the calvaria (Fig. 8.22) are unique 
in their structure, consisting of dense internal and external Dura Internal table 

818 tables of compact bone separated by a layer of spongy bone 
(the diploé). Fig. 8.22 Calvaria. 






Pericranium External table Diploé 


Inferior view 


The base of the skull is seen in the inferior view and extends 
anteriorly from the middle incisor teeth posteriorly to the 
superior nuchal lines and laterally to the mastoid processes 
and zygomatic arches (Fig. 8.23). 

For descriptive purposes the base of the skull is often 
divided into: 


= an anterior part, which includes the teeth and the hard 
palate; 

= a middle part, which extends from behind the hard 
palate to the anterior margin of the foramen magnum; 
and 

= a posterior part, which extends from the anterior edge 
of the foramen magnum to the superior nuchal lines. 


Anterior part 


The main features of the anterior part of the base of the 
skull are the teeth and the hard palate. 

The teeth project from the alveolar processes of the 
two maxillae. These processes are together arranged in a 
U-shaped alveolar arch that borders the hard palate on 
three sides (Fig. 8.23). 

The hard palate is composed of the palatine pro- 
cesses of each maxilla anteriorly and the horizontal 
plates of each palatine bone posteriorly. 

The paired palatine processes of each maxilla meet in 
the midline at the intermaxillary suture, the paired 
maxilla and the paired palatine bones meet at the palato- 
maxillary suture, and the paired horizontal plates of each 
palatine bone meet in the midline at the interpalatine 
suture. 

Several additional features are also visible when the 
hard palate is examined: 


= the incisive fossa in the anterior midline immediately 
posterior to the teeth, the walls of which contain inci- 
sive foramina (the openings of the incisive canals, 
which are passageways between the hard palate and 
nasal cavity); 

= the greater palatine foramina near the posterolat- 
eral border of the hard palate on each side, which lead 
to greater palatine canals; 

= just posterior to the greater palatine foramina, the 
lesser palatine foramina in the pyramidal process 
of each palatine bone, which lead to lesser palatine 
canals; 

= a midline pointed projection (the posterior nasal 
spine) in the free posterior border of the hard palate. 


Middle part 


The middle part of the base of the skull is complex: 


= forming the anterior half are the vomer and sphenoid 
bones; 

= forming the posterior half are the occipital and paired 
temporal bones. 


Anterior half 


Vomer 


Anteriorly, the small vomer is in the midline, resting on the 
sphenoid bone (Fig. 8.23). It contributes to the formation 
of the bony nasal septum separating the two choanae. 


Sphenoid 


Most of the anterior part of the middle part of the base of 
the skull consists of the sphenoid bone. 

The sphenoid bone is made up of a centrally placed 
body, paired greater and lesser wings projecting later- 
ally from the body, and two downward projecting ptery- 
goid processes immediately lateral to each choana. 

Three parts of the sphenoid bone, the body, greater 
wings, and pterygoid processes, are seen in the inferior 
view of the skull (Fig. 8.23). The lesser wing of the sphe- 
noid is not seen in the inferior view. 


Body 


The body of the sphenoid is a centrally placed cube of 
bone containing two large air sinuses separated by a 
septum. 

It articulates anteriorly with the vomer, ethmoid, and 
palatine bones, posterolaterally with the temporal bones, 
and posteriorly with the occipital bone. 


Pterygoid processes 


Extending downward from the junction of the body and 
the greater wings are the pterygoid processes (Fig. 8.23). 
Each of these processes consists of a narrow medial plate 
and broader lateral plate separated by the pterygoid 
fossa. 

Each medial plate of the pterygoid process ends inferi- 
orly with a hook-like projection, the pterygoid hamulus, 
and divides superiorly to form the small, shallow scaphoid 
fossa. 

Just superior to the scaphoid fossa, at the root of the 
medial plate of the pterygoid process is the opening of 
the pterygoid canal, which passes forward from near the 
anterior margin of the foramen lacerum. 
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Greater wing 


Lateral to the lateral plate of the pterygoid process is the 
greater wing of the sphenoid (Fig. 8.23), which not only 
forms a part of the base of the skull, but also continues lat- 
erally to form part of the lateral wall of the skull. It articu- 
lates laterally and posteriorly with parts of the temporal 
bone. 

Important features visible on the surface of the greater 
wing in an inferior view of the skull are the foramen ovale 
and the foramen spinosum on the posterolateral border 
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Fig. 8.23 Inferior view of the skull. 


extending outward from the upper end of the lateral plate 
of the pterygoid process. 


Posterior half 


In the posterior half of the middle part of the base of the 
skull are the occipital bone and the paired temporal bones 
(Fig. 8.23). 


Occipital bone 


The occipital bone, or more specifically its basilar part, is 
in the midline immediately posterior to the body of the 


Incisive fossa 


Hard palate (maxilla) 


Hard palate (palatine bone) 


Greater palatine foramen 
Lesser palatine foramen 


Body of sphenoid 


Medial plate of pterygoid 
process 


Lateral plate of pterygoid 
process 


Scaphoid fossa 


Foramen lacerum 


Foramen ovale 


Foramen spinosum 


Carotid canal 


Stylomastoid foramen 


Basilar part of 
occipital bone 


Pharyngeal tubercle 


Inferior nuchal line 


Superior nuchal line 


External occipital protuberance 


sphenoid. It extends posteriorly to the foramen magnum 
and is bounded laterally by the temporal bones. 

Prominent on the basilar part of the occipital bone is 
the pharyngeal tubercle, a bony protuberance for the 
attachment of parts of the pharynx to the base of the skull 
(Fig. 8.23). 


Temporal bone 


Immediately lateral to the basilar part of the occipital bone 
is the petrous part of the petromastoid part of each tempo- 
ral bone. 

Wedge-shaped in its appearance, with its apex antero- 
medial, the petrous part of the temporal bone is between 
the greater wing of the sphenoid anteriorly and the basilar 
part of the occipital bone posteriorly. The apex forms one 
of the boundaries of the foramen lacerum, an irregular 
opening filled in life with cartilage (Fig. 8.23). 

The other boundaries of the foramen lacerum are the 
basilar part of the occipital bone medially and the body of 
the sphenoid anteriorly. 

Posterolateral from the foramen lacerum along the 
petrous part of the temporal bone is the large circular 
opening for the carotid canal. 

Between the petrous part of the temporal bone and the 
greater wing of the sphenoid is a groove for the cartilagi- 
nous part of the pharyngotympanic tube (auditory 
tube). This groove continues posterolaterally into a bony 
canal in the petrous part of the temporal bone for the 
pharyngotympanic tube. 

Just lateral to the greater wing of the sphenoid is the 
squamous part of the temporal bone, which participates in 
the temporomandibular joint. It contains the mandibular 
fossa, which is a concavity where the head of the mandible 
articulates with the base of the skull. An important feature 
of this articulation is the prominent articular tubercle, 
which is the downward projection of the anterior border of 
the mandibular fossa (Fig. 8.23). 


Posterior part 


The posterior part of the base of the skull extends from the 
anterior edge of the foramen magnum posteriorly to the 
superior nuchal lines (Fig. 8.23). It consists of parts of 
the occipital bone centrally and the temporal bones 
laterally. 


Occipital bone 


The occipital bone is the major bony element of this part of 
the base of the skull (Fig. 8.23). It has four parts organized 
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around the foramen magnum, which is a prominent 
feature of this part of the base of the skull and through 
which the brain and spinal cord are continuous. 

The parts of the occipital bone are the squamous part, 
which is posterior to the foramen magnum, the lateral 
parts, which are lateral to the foramen magnum, and the 
basilar part, which is anterior to the foramen magnum 
(Fig. 8.23). 

The squamous and lateral parts are components of the 
posterior part of the base of the skull. 

The most visible feature of the squamous part of the 
occipital bone when examining the inferior view of the 
skull is a ridge of bone (the external occipital crest), which 
extends downward from the external occipital protuber- 
ance toward the foramen magnum. The inferior nuchal 
lines arc laterally from the midpoint of the crest. 

Immediately lateral to the foramen magnum are the 
lateral parts of the occipital bones, which contain numer- 
ous important structural features. 

On each anterolateral border of the foramen magnum 
are the rounded occipital condyles (Fig. 8.23). These 
paired structures articulate with the atlas (vertebra CI). 
Posterior to each condyle is a depression (the condylar 
fossa) containing a condylar canal, and anterior and 
superior to each condyle is the large hypoglossal canal. 
Lateral to each hypoglossal canal is a large, irregular 
jugular foramen formed by opposition of the jugular 
notch of the occipital bone and jugular notch of the 
temporal bone. 


Temporal bone 


Laterally in the posterior part of the base of the skull is the 
temporal bone. The parts of the temporal bone seen in this 
location are the mastoid part of the petromastoid part and 
the styloid process (Fig. 8.23). 

The lateral edge of the mastoid part is identified by the 
large cone-shaped mastoid process projecting from its infe- 
rior surface. This prominent bony structure is the point of 
attachment for several muscles. On the medial aspect of the 
mastoid process is the deep mastoid notch, which is also an 
attachment point for a muscle. 

Anteromedial to the mastoid process is the needle- 
shaped styloid process projecting from the lower border of 
the temporal bone. The styloid process is also a point of 
attachment for numerous muscles and ligaments. 

Finally, between the styloid process and the mastoid 
process is the stylomastoid foramen. 
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CRANIAL CAVITY 


The cranial cavity is the space within the cranium that 
contains the brain, meninges, proximal parts of the cranial 
nerves, blood vessels, and cranial venous sinuses. 


Roof 


The calvaria is the dome-shaped roof that protects the 
superior aspect of the brain. It consists mainly of the frontal 
bone anteriorly, the paired parietal bones in the middle, 
and the occipital bone posteriorly (Fig. 8.24). 

Sutures visible internally include: 


= the coronal suture, between the frontal and parietal 
bones; 

= the sagittal suture, between the paired parietal bones; 
and 

= the lambdoid suture, between the parietal and occipital 
bones. 
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Visible junctions of these sutures are the bregma, where 
the coronal and sagittal sutures meet, and the lambda, 
where the lambdoid and sagittal sutures meet. 

Other markings on the internal surface of the calva 
include bony ridges, and numerous grooves and pits. 

From anterior to posterior, features seen on the bony 
roof of the cranial cavity are: 


= a midline ridge of bone extending from the surface of 
the frontal bone (the frontal crest), which is a point 
of attachment for the falx cerebri (a specialization of 
the dura mater that partially separates the two cerebral 
hemispheres); 

= at the superior point of the termination of the frontal 
crest the beginning of the groove for the superior 
sagittal sinus, which widens and deepens posteriorly 
and marks the position of the superior sagittal sinus (an 
intradural venous structure); 
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Fig. 8.24 Roof of the cranial cavity. 


= on either side of the groove for the superior sagittal 
sinus throughout its course, a small number of depres- 
sions and pits (the granular foveolae), which mark 
the location of arachnoid granulations (prominent 
structures readily identifiable when a brain with its 
meningeal coverings is examined; the arachnoid gran- 
ulations are involved in the reabsorption of cerebrospi- 
nal fluid); and 

= on the lateral aspects of the roof of the cranial cavity, 
smaller grooves created by various meningeal vessels. 


Floor 


The floor of the cranial cavity is divided into anterior, 
middle, and posterior cranial fossae. 


Anterior cranial fossa 


Parts of the frontal, ethmoid, and sphenoid bones form the 
anterior cranial fossa (Fig. 8.25). Its floor is composed of: 


= frontal bone in the anterior and lateral direction; 

= ethmoid bone in the midline; and 

= two parts of the sphenoid bone posteriorly, the body 
(midline), and the lesser wings (laterally). 


The anterior cranial fossa is above the nasal cavity and 
the orbits, and it is filled by the frontal lobes of the cerebral 
hemispheres. 

Anteriorly, a small wedge-shaped midline crest of bone 
(the frontal crest) projects from the frontal bone. This is a 
point of attachment for the falx cerebri. Immediately pos- 
terior to the frontal crest is the foramen cecum (Table 
8.2). This foramen between the frontal and ethmoid bones 
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Lesser wing (of sphenoid) 










may transmit emissary veins connecting the nasal cavity 
with the superior sagittal sinus. 

Posterior to the frontal crest is a prominent wedge of 
bone projecting superiorly from the ethmoid (the crista 
galli). This is another point of attachment for the falx 
cerebri, which is the vertical extension of dura mater par- 
tially separating the two cerebral hemispheres. 

Lateral to the crista galli is the cribriform plate of the 
ethmoid bone (Fig. 8.25). This is a sieve-like structure, 
which allows small olfactory nerve fibers to pass through 
its foramina from the nasal mucosa to the olfactory bulb. 
The olfactory nerves are commonly referred to collectively 
as the olfactory nerve [I]. 

On each side of the ethmoid, the floor of the anterior 
cranial fossa is formed by relatively thin plates of frontal 
bone (the orbital part of the frontal bone), which also 
forms the roof of the orbit below. Posterior to both the 
frontal and ethmoid bones, the rest of the floor of the ante- 
rior cranial fossa is formed by the body and lesser wings of 
the sphenoid. In the midline, the body extends anteriorly 
between the orbital parts of the frontal bone to reach the 
ethmoid bone and posteriorly it extends into the middle 
cranial fossa. 

The boundary between the anterior and middle cranial 
fossae in the midline is the anterior edge of the chiasmatic 
sulcus, a smooth groove stretching between the optic 
canals across the body of the sphenoid. 


Lesser wings of the sphenoid 


The two lesser wings of the sphenoid project laterally from 
the body of the sphenoid and form a distinct boundary 
between the lateral parts of the anterior and middle cranial 
fossae. 
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Fig. 8.25 Anterior cranial fossa. 
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Overhanging the anterior part of the middle cranial 
fossae, each lesser wing ends laterally as a sharp point at 
the junction of the frontal bone and the greater wing of 
the sphenoid near the upper lateral edge of the superior 
orbital fissure that is formed between the greater and 
lesser wings. 

Medially each lesser wing widens, curves posteriorly, 
and ends as a rounded anterior clinoid process (Fig. 
8.25). These processes serve as the anterior point of attach- 
ment for the tentorium cerebelli, which is a sheet of dura 
that separates the posterior part of the cerebral hemi- 
spheres from the cerebellum. Just anterior to each anterior 
clinoid process is a circular opening in the lesser wing of 
the sphenoid (the optic canal), through which the oph- 
thalmic artery and optic nerve [II] pass as they exit the 
cranial cavity to enter the orbit. The optic canals are 
usually included in the middle cranial fossa. 


Middle cranial fossa 


The middle cranial fossa consists of parts of the sphenoid 
and temporal bones (Fig. 8.26). 


Table 8.2 Internal foramina of the skull 


Foramen 


Anterior cranial fossa 


Foramen cecum 


The boundary between the anterior and middle cranial 
fossae in the midline is the anterior edge of the chiasmatic 
sulcus, which is a smooth groove stretching between the 
optic canals across the body of the sphenoid. 

The posterior boundaries of the middle cranial fossa are 
formed by the anterior surface, as high as the superior 
border, of the petrous part of the petromastoid part of the 
temporal bone. 


Sphenoid 


The floor in the midline of the middle cranial fossa is ele- 
vated and formed by the body of the sphenoid. Lateral to 
this are large depressions formed on either side by the 
greater wing of the sphenoid and the squamous part of the 
temporal bone. These depressions contain the temporal 
lobes of the brain. 


Structures passing through foramen 


Olfactory foramina in cribriform plate 
Optic canal 
Middle cranial fossa 


Superior orbital fissure 


Foramen rotundum 

Foramen ovale 

Foramen spinosum 

Hiatus for the greater petrosal nerve 
Hiatus for the lesser petrosal nerve 
Posterior cranial fossa 


Foramen magnum 


Internal acoustic meatus 


Jugular foramen 


Hypoglossal canal 


Condylar canal 


Emissary veins to nasal cavity 
Olfactory nerves [I] 


Optic nerve [II]; ophthalmic artery 


Oculomotor nerve [III]; trochlear nerve [IV]; ophthalmic division of the trigeminal nerve [V,]; abducent 
nerve [VI]; ophthalmic veins 


Maxillary division of the trigeminal nerve [V] 

Mandibular division of the trigeminal nerve [V3]; lesser petrosal nerve 
Middle meningeal artery 

Greater petrosal nerve 


Lesser petrosal nerve 


End of brainstem/beginning of spinal cord; vertebral arteries; spinal roots of the accessory nerve; 
meninges 


Facial nerve [VII]; vestibulocochlear nerve [VIII]; labyrinthine artery 


Glossopharyngeal nerve [IX]; vagus nerve [X]; accessory nerve [XI]; inferior petrosal sinus, sigmoid 
sinus (forming internal jugular vein) 


Hypoglossal nerve [XII]; meningeal branch of the ascending pharyngeal artery 


Emissary vein 


Sella turcica 


Just posterior to the chiasmatic sulcus is the uniquely mod- 
ified remainder of the body of the sphenoid (the sella 
turcica), which consists of a deep central area (the 
hypophysial fossa) containing the pituitary gland with 
anterior and posterior vertical walls of bone (Fig. 8.26). 

The anterior wall of the sella is vertical in position 
with its superior extent visible as a slight elevation (the 
tuberculum sellae) at the posterior edge of the chias- 
matic sulcus. 

Lateral projections from the corners of the tuberculum 
sellae (the middle clinoid processes) are sometimes 
evident. 

The posterior wall of the sella turcica is the dorsum 
sellae, a large ridge of bone projecting upward and 
forward. At the top of this bony ridge the lateral edges 
contain rounded projections (the posterior clinoid pro- 
cesses), which are points of attachment, like the anterior 
clinoid processes, for the tentorium cerebelli. 


Fissures and foramina 


Lateral to each side of the body of the sphenoid, the floor of 
the middle cranial fossa is formed on either side by the 
greater wing of the sphenoid (Fig. 8.26). 

A diagonal gap, the superior orbital fissure, sepa- 
rates the greater wing of the sphenoid from the lesser wing 
and is a major passageway between the middle cranial 
fossa and the orbit. Passing through the fissure are the 
oculomotor nerve [III], the trochlear nerve [IV], the oph- 
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thalmic nerve [V,], the abducent nerve [VI], and ophthal- 
mic veins. 

Posterior to the medial end of the superior orbital fissure 
on the floor of the middle cranial fossa is a rounded foramen 
projecting in an anterior direction (the foramen rotun- 
dum), through which the maxillary nerve [V>]| passes from 
the middle cranial fossa to the pterygopalatine fossa. 

Posterolateral to the foramen rotundum is a large 
oval opening (the foramen ovale), which allows struc- 
tures to pass between the extracranial infratemporal fossa 
and the middle cranial fossa. The mandibular nerve [V3], 
lesser petrosal nerve (carrying fibers from the tympanic 
plexus that originally came from the glossopharyngeal 
nerve [IX]) and, occasionally, a small vessel (the accessory 
middle meningeal artery), pass through this foramen. 

Posterolateral from the foramen ovale is the small 
foramen spinosum (Fig. 8.26). This opening also connects 
the infratemporal fossa with the middle cranial fossa. The 
middle meningeal artery and its associated veins pass 
through this foramen and, once inside, the groove for the 
middle meningeal artery across the floor and lateral wall 
of the middle cranial fossa clearly marks their path. 

Posteromedial to the foramen ovale is the rounded 
intracranial opening of the carotid canal. Directly infe- 
rior to this opening is an irregular foramen (the foramen 
lacerum) (Fig. 8.26). Clearly observed in the inferior view 
of the skull, the foramen lacerum is closed in life by a 
cartilaginous plug and no structures pass through it 
completely. 
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Fig. 8.26 Middle cranial fossa. 
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Temporal bone 


The posterior boundary of the middle cranial fossa is formed 
by the anterior surface of the petrous part of the petromas- 
toid part of the temporal bone. 

Medially, there is a slight depression (trigeminal 
impression) in the anterior surface of the petrous part of 
the temporal bone (Fig. 8.26), which marks the location of 
the sensory ganglion for the trigeminal nerve [V]. 

Lateral to the trigeminal impression and on the anterior 
surface of the petrous part of the temporal bone is a small 
linear groove that passes in a superolateral direction, and 
ends in a foramen (the groove and hiatus for the greater 
petrosal nerve). The greater petrosal nerve is a branch of 
the facial nerve [VII]. 

Anterolateral to the groove for the greater petrosal 
nerve is a second, smaller groove and hiatus for the 
lesser petrosal nerve, a branch from the tympanic plexus 
carrying fibers that originally came from the glossopha- 
ryngeal nerve [IX] (Fig. 8.26). 

Above and lateral to the small openings for the greater 
and lesser petrosal nerves, near the superior ridge of the 
petrous part of the temporal bone, is a rounded protrusion 
of bone (the arcuate eminence) produced by the underly- 
ing anterior semicircular canal of the inner ear. 
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Fig. 8.27 Posterior cranial fossa. 


Just anterior and lateral to the arcuate eminence the 
anterior surface of the petrous part of the temporal bone is 
slightly depressed. This region is the tegmen tympani, 
and marks the thin bony roof of the middle ear cavity. 


Posterior cranial fossa 


The posterior cranial fossa consists mostly of parts of the 
temporal and occipital bones with small contributions 
from the sphenoid and parietal bones (Fig. 8.27). It is the 
largest and deepest of the three cranial fossae and contains 
the brainstem (midbrain, pons, and medulla) and the 
cerebellum. 


Boundaries 


The anterior boundaries of the posterior cranial fossa in the 
midline are the dorsum sellae and the clivus (Fig. 8.27). 
The clivus is a slope of bone that extends upward from 
the foramen magnum. It is formed by contributions from 
the body of the sphenoid and from the basilar part of the 
occipital bone. 

Laterally the anterior boundaries of the posterior cranial 
fossa are the superior border of the petrous part of the pet- 
romastoid part of the temporal bone. 
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Posteriorly the squamous part of the occipital bone to 
the level of the transverse groove is the major boundary, 
while laterally the petromastoid part of the temporal bone 
and small parts of the occipital and parietal bones border 
the fossa. 


Foramen magnum 


Centrally, in the deepest part of the posterior cranial fossa, 
is the largest foramen in the skull, the foramen magnum. 
It is surrounded by the basilar part of the occipital bone 
anteriorly, the lateral parts of the occipital bone on either 
side, and the squamous part of the occipital bone 
posteriorly. 

The spinal cord passes superiorly through the foramen 
magnum to continue as the brainstem. 

Also passing through the foramen magnum are the 
vertebral arteries, the meninges, and the spinal roots of 
the accessory nerve [XI]. 


Grooves and foramina 


The clivus slopes upward from the foramen magnum. 
Lateral to the clivus is a groove for the inferior petrosal 
sinus between the basilar part of the occipital bone and 
the petrous part of the petromastoid part of the temporal 
bone (Fig. 8.27). 

Laterally, across the upper half of the posterior surface 
of the petrous part of the temporal bone, is an oval foramen 
(the internal acoustic meatus). The facial [VII] and ves- 
tibulocochlear [VIII] nerves, and the labyrinthine artery 
pass through it. 

Inferior to the internal acoustic meatus the temporal 
bone is separated from the occipital bone by the large 
jugular foramen (Fig. 8.27). Leading to this foramen from 
the medial side is the groove for the inferior petrosal sinus, 
and from the lateral side the groove for the sigmoid 
sinus. 


The sigmoid sinus passes into the jugular foramen, and 
is continuous with the internal jugular vein, while the infe- 
rior petrosal sinus empties into the internal jugular vein in 
the area of the jugular foramen. 

Also passing through the jugular foramen are the glos- 
sopharyngeal nerve [IX], the vagus nerve [|X], and the 
accessory nerve [XI]. 

Medial to the jugular foramen is a large rounded mound 
of the occipital bone (the jugular tubercle). Just inferior 
to this, and superior to the foramen magnum, is the hypo- 
glossal canal, through which the hypoglossal nerve [XII] 
leaves the posterior cranial fossa, and a meningeal branch 
of the ascending pharyngeal artery enters the posterior 
cranial fossa. 

Just posterolateral to the hypoglossal canal is the small 
condylar canal that, when present, transmits an emis- 
sary vein. 


Squamous part of the occipital bone 


The squamous part of the occipital bone has several promi- 
nent features (Fig. 8.27): 


= running upward in the midline from the foramen 
magnum is the internal occipital crest; 

= on either side of the internal occipital crest, the floor of 
the posterior cranial fossa is concave to accommodate 
the cerebellar hemispheres; 

= the internal occipital crest ends superiorly in a bony 
prominence (the internal occipital protuberance); 

= extending laterally from the internal occipital protuber- 
ance are grooves produced by the transverse sinuses, 
which continue laterally, eventually joining a groove 
for each sigmoid sinus—each of these grooves then 
turns inferiorly toward the jugular foramina. 


The transverse and sigmoid sinuses are intradural 
venous sinuses. 
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In the clinic 


Medical imaging of the head 

Radiography 

Until two decades ago the standard method of imaging 
the head was plain radiography. The radiographs are 
taken in three standard projections—namely the 
posteroanterior view, the lateral view, and the Towne’s 
view. Additional views are obtained to assess the foramina 
at the base of the skull and the facial bones. Currently, 
skull radiographs are used in cases of trauma, but such 
use is declining. Skull fractures are relatively easily 
detected (Fig. 8.28). The patient is assessed and treatment 
is based upon the underlying neurological or potential 
neurological complications. 


Computed tomography 
Since the development of the first computed tomography 
(CT) scanner, cerebral CT has been the “workhorse” of 
neuroradiological examination. It is ideally used for head 
injury because the brain and its coverings can be easily 
and quickly examined and blood is easily detected. By 
altering the mathematical algorithm of the data set the 
bones can also be demonstrated. 

With intravenous contrast, CT angiography can be 
used to demonstrate the position and the size of an 
intracerebral aneurysm before endovascular treatment. 


Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is unsurpassed by 
other imaging techniques in its ability for contrast 
resolution. The brain and its coverings, cerebrospinal fluid 
(CSF), and the vertebral column can be easily and quickly 
examined. Newer imaging sequences permit CSF fluid 
suppression to define periventricular lesions. 

Magnetic resonance angiography has been extremely 
useful in determining the completeness of the intracranial 
vasculature (circle of Willis), which is necessary in some 
surgical conditions. 

MRI is also a powerful tool in the assessment of carotid 
stenosis. 


Ultrasonography 
Initial work using ultrasound to assess the brain appeared 
fruitless, but with increasing probe technology it is now 
possible to carry out intracranial Doppler studies, which 
enable a surgeon to detect whether a patient is 
experiencing cerebral embolization from a carotid plaque. 
Extracranial ultrasound is extremely important in tumor 
staging and in assessing neck masses and the carotid 
bifurcation (Fig. 8.29). 
Ultrasound is useful in children because they have an 
acoustic window through the fontanelles. 


Skull fracture 





Fig. 8.28 Skull fracture seen on a skull radiograph. 


In the clinic—cont’d 
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In the clinic 


Fractures of the skull vault and 

extradural hematoma 

The skull vault is a remarkably strong structure—and quite 
rightly, because it protects our most vital organ, the brain. 
The shape of the skull vault is of critical importance and 
its biomechanics prevent fracture. From a clinical 
standpoint skull fractures alert clinicians to the nature and 
force of an injury and potential complications. The 
fracture itself is usually of little consequence (unlike, say, 
a fracture of the tibia). Of key importance is the need to 
minimize the extent of primary brain injury and to treat 
potential secondary complications, rather than focusing 
on the skull fracture. Skull fractures that have particular 
significance include depressed skull fractures, compound 
fractures, and pterion fractures. 


Depressed skull fractures 

In a depressed skull fracture a bony fragment is depressed 
below the normal skull convexity. This may lead to 
secondary arterial and venous damage with hematoma 
formation. Furthermore, a primary brain injury can also 
result from this type of fracture. 


Compound fractures 
In a compound fracture there is a fracture of the bone 
together with a breach of the skin, which may allow an 
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Fig. 8.29 Ultrasound scans. A. Normal carotid bifurcation. 
B. Internal carotid artery stenosis. 


infection to enter. Typically these fractures are associated 
with scalp lacerations and can usually be treated with 
antibiotics. 

Important complications of compound fractures 
include meningitis, which may be fatal. 

A more subtle type of compound fracture involves 
fractures across the sinuses. These may not be appreciated 
on first inspection, but are an important potential cause of 
morbidity and should be considered in patients who 
develop intracranial infections secondary to trauma. 


Pterion fractures 

The pterion is an important clinical point on the lateral 
aspect of the skull. To find the precise point of the pterion, 
an imaginary line 1 inch (2.5 cm) above the zygomatic 
arch, and 1 inch (2.5 cm) posterior to the lateral orbital 
margin will approximate to this region. At the pterion the 
frontal, parietal, greater wing of the sphenoid, and 
temporal bones come together. Importantly, deep to this 
structure is the middle meningeal artery. An injury to this 
point of the skull is extremely serious because damage to 
this vessel may produce a significant extradural 
hematoma, which can be fatal. 
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MENINGES 


The brain, as well as the spinal cord, is surrounded by three 
layers of membranes (the meninges, Fig. 8.30A)—a 
tough, outer layer (the dura mater), a delicate, middle 
layer (the arachnoid mater), and an inner layer firmly 
attached to the surface of the brain (the pia mater). 

The cranial meninges are continuous with, and similar 
to, the spinal meninges through the foramen magnum, 
with one important distinction—the cranial dura mater 
consists of two layers, and only one of these is continuous 
through the foramen magnum (Fig. 8.30B). 


Cranial dura mater 


The cranial dura mater is a thick, tough, outer covering of 
the brain. It consists of an outer periosteal layer and an 
inner meningeal layer (Fig. 8.30A): 
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= the outer periosteal layer is firmly attached to the 
skull, is the periosteum of the cranial cavity, contains 
the meningeal arteries, and is continuous with the 
periosteum on the outer surface of the skull at the 
foramen magnum and other intracranial foramina 
(Fig. 8.30B); 

= the inner meningeal layer is in close contact with the 
arachnoid mater and is continuous with the spinal 
dura mater through the foramen magnum. 


The two layers of dura separate from each other at 
numerous locations to form two unique types of structures 
(Fig. 8.30A): 


= dural partitions, which project inward and incompletely 
separate parts of the brain; 
= intracranial venous structures. 
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Fig. 8.30 Cranial meninges. A. Superior coronal view. B. Continuity with the spinal meninges. 


Dural partitions 


The dural partitions project into the cranial cavity and 
partially subdivide the cranial cavity. They include the falx 
cerebri, tentorium cerebelli, falx cerebelli, and the dia- 
phragma sellae. 


Falx cerebri 


The falx cerebri (Fig. 8.31) is a crescent-shaped downward 
projection of meningeal dura mater from the dura lining 
the calva that passes between the two cerebral hemi- 
spheres. It is attached anteriorly to the crista galli of the 
ethmoid bone and frontal crest of the frontal bone. Poste- 
riorly it is attached to and blends with the tentorium 
cerebelli. 


Tentorium cerebelli 


The tentorium cerebelli (Fig. 8.31) is a horizontal projec- 
tion of the meningeal dura mater that covers and separates 
the cerebellum in the posterior cranial fossa from the pos- 
terior parts of the cerebral hemispheres. It is attached pos- 
teriorly to the occipital bone along the grooves for the 
transverse sinuses. Laterally, it is attached to the superior 
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Fig. 8.31 Dural partitions. 





border of the petrous part of the temporal bone, ending 
anteriorly at the anterior and posterior clinoid processes. 
The anterior and medial borders of the tentorium cere- 
belli are free, forming an oval opening in the midline (the 
tentorial notch), through which the midbrain passes. 


Falx cerebelli 


The falx cerebelli (Fig. 8.31) is a small midline projection 
of meningeal dura mater in the posterior cranial fossa. It is 
attached posteriorly to the internal occipital crest of the 
occipital bone and superiorly to the tentorium cerebelli. Its 
anterior edge is free and is between the two cerebellar 
hemispheres. 


Diaphragma sellae 


The final dural projection is the diaphragma sellae (Fig. 
8.31). This small horizontal shelf of meningeal dura mater 
covers the hypophysial fossa in the sella turcica of the 
sphenoid bone. There is an opening in the center of the 
diaphragma sellae through which passes the infundibu- 
lum, connecting the pituitary gland with the base of the 
brain, and any accompanying blood vessels. 
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Arterial supply 


The arterial supply to the dura mater (Fig. 8.32) travels in 
the outer periosteal layer of the dura and consists of: 


= anterior meningeal arteries in the anterior cranial 
fossa; 

= the middle and accessory meningeal arteries in the 
middle cranial fossa; and 

= the posterior meningeal artery and other meningeal 
branches in the posterior cranial fossa. 


All are small arteries except for the middle meningeal 
artery, which is much larger and supplies the greatest part 
of the dura. 

The anterior meningeal arteries are branches of the 
ethmoidal arteries. 

The middle meningeal artery is a branch of the maxil- 
lary artery. It enters the middle cranial fossa through the 
foramen spinosum and divides into anterior and posterior 
branches: 


= the anterior branch passes in an almost vertical direc- 
tion to reach the vertex of the skull, crossing the pterion 
during its course; 
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Fig. 8.32 Dural arterial supply. 


= the posterior branch passes in a posterosuperior direc- 
tion, supplying this region of the middle cranial fossa. 


The accessory meningeal artery is usually a small 
branch of the maxillary artery that enters the middle 
cranial fossa through the foramen ovale and supplies areas 
medial to this foramen. 

The posterior meningeal artery and other meningeal 
branches supplying the dura mater in the posterior cranial 
fossa come from several sources (Fig. 8.32): 


= the posterior meningeal artery, the terminal branch of 
the ascending pharyngeal artery, enters the poste- 
rior cranial fossa through the jugular foramen; 

= a meningeal branch from the ascending pharyngeal 
artery enters the posterior cranial fossa through the 
hypoglossal canal; 

= meningeal branches from the occipital artery enter 
the posterior cranial fossa through the jugular foramen 
and the mastoid foramen; 

= a meningeal branch from the vertebral artery arises 
as the vertebral artery enters the posterior cranial fossa 
through the foramen magnum. 


Posterior meningeal artery 
(from ascending 
pharyngeal artery) 


Meningeal branch 
(from ascending 
pharyngeal artery) 


Meningeal branch 
(from occipital artery) 


Meningeal branch 
(from vertebral artery) 


Ascending pharyngeal artery 


Occipital artery 


External carotid artery 


Innervation 


Innervation of the dura mater (Fig. 8.33) is by small men- 
ingeal branches of all three divisions of the trigeminal 
nerve [V,, V2, and V3], the vagus nerve [X], and the first, 
second, and sometimes, third cervical nerves. (Possible 
involvement of the glossopharyngeal [IX] and hypoglossal 
nerves [XII] in the posterior cranial fossa has also been 
reported.) 

In the anterior cranial fossa meningeal branches from 
the ethmoidal nerves, which are branches of the ophthal- 
mic nerve [V,]|, supply the floor and the anterior part of the 
falx cerebri. 

Additionally, a meningeal branch of the ophthalmic 
nerve [V,| turns and runs posteriorly, supplying the tento- 
rium cerebelli and the posterior part of the falx cerebri. 

The middle cranial fossa is supplied medially by menin- 
geal branches from the maxillary nerve [V,]| and laterally, 
along the distribution of the middle meningeal artery, by 
meningeal branches from the mandibular nerve [V3]. 

The posterior cranial fossa is supplied by meningeal 
branches from the first, second, and sometimes, the third 
cervical nerves, which enter the fossa through the foramen 
magnum, the hypoglossal canal, and the jugular foramen. 
Meningeal branches of the vagus nerve [X] have also been 
described. (Possible contributions from the glossopharyn- 
geal [IX] and hypoglossal [XII] nerves have also been 
reported.) 


Arachnoid mater 


The arachnoid mater is a thin, avascular membrane that 
lines, but is not adherent to, the inner surface of the dura 
mater (Fig. 8.34). From its inner surface thin processes or 
trabeculae extend downward, cross the subarachnoid 
space, and become continuous with the pia mater. 
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Fig. 8.34 Arrangement of the meninges and spaces. 





Unlike the pia, the arachnoid does not enter the grooves 
or fissures of the brain, except for the longitudinal fissure 
between the two cerebral hemispheres. 


Pia mater 


The pia mater is a thin, delicate membrane that closely 
invests the surface of the brain (Fig. 8.34). It follows the 
contours of the brain, entering the grooves and fissures on 
its surface, and is closely applied to the roots of the cranial 
nerves at their origins. 
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Fig. 8.33 Dural innervation. 
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Arrangement of meninges 
and spaces 


There is a unique arrangement of meninges, coupled with 
real and potential spaces within the cranial cavity (Fig. 
8.34). 

A potential space is related to the dura mater, while a 
real space exists between the arachnoid mater and the pia 
mater. 


Extradural space 


The potential space between dura mater and bone is the 
extradural space. Normally, the outer or periosteal layer 
of dura mater is firmly attached to the bones surrounding 
the cranial cavity. 

This potential space between dura and bone can become 
a fluid-filled actual space when a traumatic event results 
in a vascular hemorrhage. Bleeding into the extradural 
space due to rupture of a meningeal artery or a torn dural 
venous sinus results in an extradural hematoma. Bleeding 
due to the tearing of a vein as it enters a dural venous sinus 
can result in a subdural hematoma. 


In the clinic 


Hydrocephalus 

Hydrocephalus is a dilatation of the cerebral ventricular 
system, which is due to either an obstruction to the flow 
of CSF, overproduction of CSF, or a failure of reabsorption 
of CSF. 

Cerebrospinal fluid is secreted by the epithelial cells of 
the choroid plexus within the lateral, third, and fourth 
ventricles of the brain. As it is produced it passes from the 
lateral ventricles through the interventricular foramina 
(the foramina of Monro) to enter the third ventricle. From 
the third ventricle it passes through the cerebral aqueduct 
(aqueduct of Sylvius) into the fourth ventricle, and from 
here it passes into the subarachnoid space via the midline 
foramen or the two lateral foramina (foramen of Magendie 
and foramina of Luschka). 

The CSF passes around the spinal cord inferiorly, 
envelops the brain superiorly, and is absorbed through 
the arachnoid granulations in the walls of the dural 
venous sinuses. In adults almost half a liter of CSF is 
produced a day. 

In adults the commonest cause of hydrocephalus is an 
interruption of the normal CSF absorption through the 
arachnoid granulations. This occurs when blood enters 


Subarachnoid space 


Deep to the arachnoid mater is the only normally occur- 
ring fluid-filled space associated with the meninges. It 
occurs because the arachnoid mater clings to the inner 
surface of the dura mater and does not follow the contour 
of the brain, while the pia mater, being against the surface 
of the brain, closely follows the grooves and fissures on the 
surface of the brain. A narrow space (the subarachnoid 
space) is therefore created between these two membranes 
(Fig. 8.34). 

The subarachnoid space surrounds the brain and spinal 
cord and in certain locations it enlarges into expanded 
areas (subarachnoid cisterns). It contains cerebrospinal 
fluid (CSF) and blood vessels. 

Cerebrospinal fluid is produced by the choroid plexus, 
primarily in the ventricles of the brain. It is a clear, color- 
less, cell-free fluid that circulates through the subarach- 
noid space surrounding the brain and spinal cord. 

The CSF returns to the venous system through arach- 
noid villi. These project as clumps (arachnoid granula- 
tions) into the superior sagittal sinus, which is a dural 
venous sinus, and its lateral extensions, the lateral 
lacunae. 


the subarachnoid space after subarachnoid hemorrhage, 
passes over the brain, and interferes with normal CSF 
absorption. To prevent severe hydrocephalus it may be 
necessary to place a small catheter through the brain into 
the ventricular system to relieve the pressure. 

Other causes of hydrocephalus include congenital 
obstruction of the aqueduct of Sylvius and a variety of 
tumors (e.g., a midbrain tumor), where the mass obstructs 
the aqueduct. Rare causes include choroid plexus tumors 
that secrete CSF. 

In children, hydrocephalus is always dramatic in its 
later stages. The hydrocephalus increases the size and 
dimensions of the ventricle, and as a result the brain 
enlarges. Because the skull sutures are not fused, the head 
expands. Cranial enlargement in utero may make a 
vaginal delivery impossible, and delivery then has to be by 
caesarean section. 

Both CT and MRI enable a radiologist to determine the 
site of obstruction, and in most cases the cause of the 
obstruction. A distinction must be made between 
ventricular enlargement due to hydrocephalus and that 
due to a variety of other causes (e.g., cerebral atrophy). 


In the clinic 


Meningitis 
Meningitis is a rare infection of the leptomeninges (the 
leptomeninges are a combination of the arachnoid mater 
and the pia mater). Infection of the meninges typically 
occurs via a bloodborne route, though in some cases it 
may be by direct spread (e.g., trauma) or from the nasal 
cavities through the cribriform plate in the ethmoid bone. 
Certain types of bacterial inflammation of the 
meninges are so virulent that overwhelming inflammation 
and sepsis with cerebral irritation can cause the patient to 
rapidly pass into a coma and die. 
Meningitis is usually treatable with simple antibiotics. 


In the clinic 


Brain tumors 

Determination of the anatomical structure from which a 
tumor arises is of the utmost importance, no more so than 
when it arises within the cranial vault. Misinterpretation of 
the location of a lesion and its site of origin may have 
devastating consequences for the patient. 

When assessing any lesion in the brain, it is important 
to define whether it is intra-axial (within the brain) or 
extra-axial (outside the brain). 

Typical extra-axial tumors include meningiomas (tumors 
of the meninges) and acoustic neuromas. Meningiomas 
typically arise from the meninges with preferred sites 
including regions at and around the falx cerebri, the free 
edge of the tentorium cerebelli, and the anterior margin of 
the middle cranial fossa. Acoustic neuromas are typically at 
and around the vestibulocochlear nerve [VIII] and in the 
cerebellopontine angle. 


BRAIN AND ITS BLOOD SUPPLY 


Brain 


The brain is a component of the central nervous system. 

During development the brain can be divided into five 
continuous parts (Figs. 8.35 and 8.36). From rostral (or 
cranial) to caudal they are: 


the telencephalon (cerebrum), which becomes the 
large cerebral hemispheres, the surface of which consists 
of elevations (gyri) and depressions (sulci) and is par- 
tially separated by adeep longitudinal fissure, and which 
fill the area of the skull above the tentorium cerebelli and 
are subdivided into lobes based on their position. 


Regional anatomy ° Brain and its blood supply 





Certain types of bacteria that produce meningitis 
produce other effects; for example, subcutaneous 
hemorrhage (ecchymoses) is a feature of meningococcal 
meningitis. 

The typical history of meningitis is nonspecific at first. 
The patient may have mild headache, fever, drowsiness, 
and nausea. As the infection progresses, photophobia 
(light intolerance) and ecchymosis may ensue. Straight leg 
raising causes marked neck pain and discomfort (Kernig’s 
sign) and an emergency hospital admission is warranted. 

Immediate treatment consists of very-high-dose 
intravenous antibiotics and supportive management. 


Intra-axial lesions are either primary or secondary. By 
far the commonest type are the secondary brain lesions, 
which in most cases are metastatic tumor deposits, 
though metastatic infection also accounts for a number of 
these. 

Metastatic tumor lesions are typically found in patients 
with either breast carcinoma or lung carcinoma, though 
many other malignancies can give rise to cerebral 
metastases. 

Primary brain lesions are rare and range from benign 
tumors to extremely aggressive lesions with a poor 
prognosis. These tumors arise from the different cell lines 
and include gliomas, oligodendrocytomas, and choroid 
plexus tumors. Primary brain tumors may occur at any 
age, though there is a small peak incidence in the first few 
years of life followed by a later peak in early to middle 
age. 


the diencephalon, which is hidden from view in the 
adult brain by the cerebral hemispheres, consists of the 
thalamus, hypothalamus, and other related structures, 
and classically is considered to be the most rostral part 
of the brainstem. (However, in common usage today, 
the term brainstem usually refers to the midbrain, pons, 
and medulla); 

the mesencephalon (midbrain), which is the first 
part of the brainstem seen when an intact adult brain 
is examined, and is at the junction between and in both 
the middle and posterior cranial fossae; 

the metencephalon, which gives rise to the cerebel- 
lum (consisting of two lateral hemispheres and a midline 
part in the posterior cranial fossa below the tentorium 835 
cerebelli) and the pons (anterior to the cerebellum, a 
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Fig. 8.35 Lateral view of the brain. 
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836 Fig. 8.36 Sagittal section of the brain. 


bulging part of the brainstem in the most anterior part 
of the posterior cranial fossa against the clivus and 
dorsum sellae); and 

= the myelencephalon (medulla oblongata), the 
caudalmost part of the brainstem, which ends at the 
foramen magnum or the uppermost rootlets of the first 
cervical nerve and to which cranial nerves VI to XII are 
attached. 


Blood supply 


The brain receives its arterial supply from two pairs of 
vessels, the vertebral and internal carotid arteries 
(Fig. 8.37), which are interconnected in the cranial cavity 
to produce a cerebral arterial circle (of Willis). 

The two vertebral arteries enter the cranial cavity 
through the foramen magnum and just inferior to the pons 
fuse to form the basilar artery. 

The two internal carotid arteries enter the cranial cavity 
through the carotid canals on either side. 


Vertebral arteries 


Each vertebral artery arises from the first part of each sub- 
clavian artery in the lower part of the neck, and passes 
superiorly through the transverse foramina of the upper 
six cervical vertebrae. On entering the cranial cavity 
through the foramen magnum each vertebral artery gives 
off a small meningeal branch. 

Continuing forward, the vertebral artery gives rise to 
three additional branches before joining with its compan- 
ion vessel to form the basilar artery (Fig. 8.38): 


= one branch joins with its companion from the other side 
to form the single anterior spinal artery, which then 
descends in the anterior median fissure of the spinal 
cord; 

= asecond branch is the posterior spinal artery, which 
passes posteriorly around the medulla then descends on 
the posterior surface of the spinal cord in the area of the 
attachment of the posterior roots—there are two poste- 
rior spinal arteries, one on each side (although the pos- 
terior spinal arteries can originate directly from the 
vertebral arteries, they more commonly branch from 
the posterior inferior cerebellar arteries); 

= just before the two vertebral arteries join, each gives off 
a posterior inferior cerebellar artery. 


The basilar artery travels in a rostral direction along the 
anterior aspect of the pons (Fig. 8.38). Its branches in a caudal 
to rostral direction include the anterior inferior cerebellar 
arteries, several small pontine arteries, and the superior 
cerebellar arteries. The basilar artery ends as a bifurcation, 
giving rise to two posterior cerebral arteries. 





Internal carotid arteries 


The two internal carotid arteries arise as one of the two 
terminal branches of the common carotid arteries (Fig. 
8.37). They proceed superiorly to the base of the skull 
where they enter the carotid canal. 

Entering the cranial cavity each internal carotid artery 
gives off the ophthalmic artery, the posterior commu- 
nicating artery, the middle cerebral artery, and the 
anterior cerebral artery (Fig. 8.38). 


Cerebral arterial circle 


The cerebral arterial circle (of Willis) is formed at the base 
of the brain by the interconnecting vertebrobasilar and 
internal carotid systems of vessels (Fig. 8.37). This anasto- 
motic interconnection is accomplished by: 


= an anterior communicating artery connecting the left 
and right anterior cerebral arteries to each other; 

= two posterior communicating arteries, one on each 
side, connecting the internal carotid artery with the 
posterior cerebral artery (Figs. 8.37 and 8.38). 
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Fig. 8.37 Arterial supply to the brain. A. Diagram. 
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Fig. 8.37, contd Arterial supply to the brain. B. Magnetic resonance angiogram showing normal carotid and vertebral arteries. C. Enhanced 


CT scan of carotid vessels. 


Frontal lobe 


Temporal lobe 


Middle cerebral 
Posterior communicating 
Posterior cerebral 


Anterior spinal 


Vertebral 


Cerebellum 


838 


Fig. 8.38 Arteries on the base of the brain. 
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In the clinic 


Stroke 

A stroke is the acute development of a focal neurological 
deficit as a result of localized or diffuse cerebral 
hypoperfusion. 

The causes of stroke include cerebral thrombosis, 
cerebral hemorrhage, subarachnoid hemorrhage, and, 
most commonly, cerebral embolus. In the case of most 
strokes, small vessel cerebrovascular obstruction is caused 
by emboli from an atherosclerotic plaque within more 
proximal vessels in the neck and thorax. 

In most patients an atherosclerotic plaque is 
demonstrated at or around the bifurcation of the common 
carotid artery into internal and external carotid arteries. 
Over time the carotid plaque increases in size and 
eventually produces a marked stenosis. As the stenosis 
increases, local eddy currents provide the abnormal flow 
from which platelet and atherosclerotic emboli develop, 
pass into an intracranial vessel, and obstruct flow. Within 
five minutes the tissue in the region of the obstruction is 
dead (cerebral infarction; Fig. 8.39). 

Less severe strokes—transient ischemic attacks (TIAs)— 
are caused in the same way as strokes, but recovery is 
usually complete within 24 hours. They serve as a warning 
that treatment may be necessary. 

Intervention to prevent further strokes initially 
comprises a general alteration in lifestyle, control of 
hypertension (if present), and drug treatment to inhibit 
platelet aggregation (e.g., aspirin), to decrease the chance 
of clots forming and embolizing into the cerebral 
circulation. 








Infarct 


Fig. 8.39 Cerebral infarct. CT scan of brain. 


In patients with severe stenoses surgery is indicated to 
remove the clot and atherosclerotic plaque at the carotid 
bifurcation and to reconstruct this region. 
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In the clinic 


Intracerebral aneurysms 

Cerebral aneurysms arise from the vessels in and around 
the cerebral arterial circle (of Willis). They typically occur in 
and around the anterior communicating artery, the 
posterior communicating artery, the branches of the 
middle cerebral artery, the distal end of the basilar artery 
(Fig. 8.40), and the posterior inferior cerebellar artery. 


A Anterior Aneurysm 





As the aneurysms enlarge, they have a significant risk 
of rupture. Typically patients have no idea that there is 
anything wrong. No prodromal signs or symptoms are 
demonstrable. As the aneurysm ruptures, the patient 
complains of a sudden-onset “thunderclap” headache that 
produces neck stiffness and may induce vomiting. In a 
number of patients death ensues, but many patients reach 


B Basilar tip artery aneurysm 
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Fig. 8.40 Basilar tip aneurysm. A. Three-dimensional cranial cutaway CT scan. B. Magnified view of aneurysm. 





In the clinic—cont’d 


the hospital, where the diagnosis is established. An initial intervention has superseded the management of some 

CT scan demonstrates blood within the subarachnoid aneurysms in specific sites. This treatment involves 

space, and this may be associated with an intracerebral cannulation of the femoral artery, and placement of a long 

bleed. Further management usually includes cerebral catheter through the aorta into the carotid circulation and 

angiography, which enables the radiologist to determine thence into the cerebral circulation. The tip of the catheter 

the site, size, and origin of the aneurysm. is placed within the aneurysm and is packed with fine 
Usually patients undergo complex surgery to ligate the microcoils (Fig. 8.41), which seals the rupture. 


neck of the aneurysm. More recently radiological 
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Fig. 8.41 Anterior communicating aneurysm. A. Left carotid angiogram. B. Left carotid angiogram after embolization. 
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of small venous channels lead to larger cerebral veins, cer- 
ebellar veins, and veins draining the brainstem, which 
eventually empty into dural venous sinuses. The dural 
venous sinuses are endothelial-lined spaces between the 
outer periosteal and the inner meningeal layers of the dura 
mater, and eventually lead to the internal jugular 
veins. 

Also emptying into the dural venous sinuses are diploic 
veins, which run between the internal and external tables 
of compact bone in the roof of the cranial cavity, and emis- 
sary veins, which pass from outside the cranial cavity to 
the dural venous sinuses (Fig. 8.42). 

The emissary veins are important clinically because 
they can be a conduit through which infections can enter 
the cranial cavity because they have no valves. 


Dural venous sinuses 


The dural venous sinuses include the superior sagittal, 
inferior sagittal, straight, transverse, sigmoid, and occipital 
sinuses, the confluence of sinuses, and the cavernous, 
sphenoparietal, superior petrosal, inferior petrosal, and 
basilar sinuses (Fig. 8.43, Table 8.3). 
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Fig. 8.42 Dural venous sinuses. 
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Table 8.3 Dural venous sinuses 


Dural sinus 
Superior sagittal 
Inferior sagittal 


Straight 


Occipital 


Confluence of 
sinuses 


Transverse 
(right and left) 


Sigmoid (right 
and left) 


Cavernous 
(paired) 


Intercavernous 


Sphenoparietal 
(paired) 


Superior 
petrosal (paired) 


Inferior petrosal 
(paired) 


Basilar 


Location 
Superior border of falx cerebri 
Inferior margin of falx cerebri 


Junction of falx cerebri and tentorium cerebelli 


In falx cerebelli against occipital bone 


Dilated space at the internal occipital protuberance 


Horizontal extensions from the confluence of sinuses 
along the posterior and lateral attachments of the 
tentorium cerebelli 


Continuation of transverse sinuses to internal jugular 
vein; groove of parietal, temporal, and occipital bones 


Lateral aspect of body of sphenoid 


Crossing sella turcica 


Inferior surface of lesser wings of sphenoid 
Superior margin of petrous part of temporal bone 
Groove between petrous part of temporal bone and 


occipital bone ending in internal jugular vein 


Clivus, just posterior to sella turcica of sphenoid 


Superior sagittal sinus 


The superior sagittal sinus is in the superior border of the 
falx cerebri. It begins anteriorly at the foramen cecum, 
where it may receive a small emissary vein from the nasal 
cavity, and ends posteriorly in the confluence of sinuses, 
usually bending to the right to empty into the right trans- 
verse sinus. The superior sagittal sinus communicates with 
lateral extensions (lateral lacunae) of the sinus containing 
numerous arachnoid granulations. 

The superior sagittal sinus usually receives cerebral 
veins from the superior surface of the cerebral hemispheres, 
diploic and emissary veins, and veins from the falx 
cerebri. 


Inferior sagittal and straight sinuses 


The inferior sagittal sinus is in the inferior margin of the 
falx cerebri. It receives a few cerebral veins and veins from 
the falx cerebri, and ends posteriorly at the anterior edge 
of the tentorium cerebelli, where it is joined by the great 
cerebral vein and together with the great cerebral vein 
forms the straight sinus (Fig. 8.43). 

The straight sinus continues posteriorly along the junc- 
tion of the falx cerebri and the tentorium cerebelli and ends 


Receives 
Superior cerebral, diploic, and emissary veins and CSF 
A few cerebral veins and veins from the falx cerebri 


Inferior sagittal sinus, great cerebral vein, posterior cerebral veins, 
superior cerebellar veins, and veins from the falx cerebri 


Communicates inferiorly with vertebral plexus of veins 


Superior sagittal, straight, and occipital sinuses 


Drainage from confluence of sinuses (right—transverse and 
usually superior sagittal sinuses; left—transverse and usually 
straight sinuses); also superior petrosal sinus, and inferior cerebral, 
cerebellar, diploic, and emissary veins 


Transverse sinuses, and cerebral, cerebellar, diploic, and emissary 
veins 


Cerebral and ophthalmic veins, sohenoparietal sinuses, and 
emissary veins from pterygoid plexus of veins 


Interconnect cavernous sinuses 


Diploic and meningeal veins 
Cavernous sinus, and cerebral and cerebellar veins 


Cavernous sinus, cerebellar veins, and veins from the internal ear 
and brainstem 


Connect bilateral inferior petrosal sinuses and communicate with 
vertebral plexus of veins 


in the confluence of sinuses, usually bending to the left to 
empty into the left transverse sinus. 

The straight sinus usually receives blood from the infe- 
rior sagittal sinus, cerebral veins (from the posterior part 
of the cerebral hemispheres), the great cerebral vein (drain- 
ing deep areas of the cerebral hemispheres), superior cere- 
bellar veins, and veins from the falx cerebri. 


Confluence of sinuses, transverse and 
sigmoid sinuses 


The superior sagittal and straight sinuses, and the occipital 
sinus (in the falx cerebelli) empty into the confluence of 
sinuses, which is a dilated space at the internal occipital 
protuberance (Fig. 8.43) and is drained by the right and 
left transverse sinuses. 

The paired transverse sinuses extend in horizontal direc- 
tions from the confluence of sinuses where the tentorium 
cerebelli joins the lateral and posterior walls of the cranial 
cavity. 

The right transverse sinus usually receives blood from 
the superior sagittal sinus and the left transverse sinus 
usually receives blood from the straight sinus. 
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The transverse sinuses also receive blood from the supe- 
rior petrosal sinus, veins from the inferior parts of the cere- 
bral hemispheres and the cerebellum, and diploic and 
emissary veins. 

As the transverse sinuses leave the surface of the occipi- 
tal bone, they become the sigmoid sinuses (Fig. 8.43), 
which turn inferiorly, grooving the parietal, temporal, and 
occipital bones, before ending at the beginning of the inter- 
nal jugular veins. The sigmoid sinuses also receive blood 
from cerebral, cerebellar, diploic, and emissary veins. 


Cavernous sinuses 

The paired cavernous sinuses are against the lateral aspect 
of the body of the sphenoid bone on either side of the sella 
turcica (Fig. 8.44). They are of great clinical importance 
because of their connections and the structures that pass 
through them. 


Trochlear nerve [IV] Abducent nerve [VI] 
Internal carotid artery 


Oculomotor nerve [III] 


Pituitary gland Dura mater 


Diaphragma sellae 





Cavernous (venous) sinus 


Ophthalmic division of trigeminal nerve [V4] 


Maxillary division of trigeminal nerve [V5] 


Fig. 8.44 Cavernous sinus. 


The cavernous sinuses receive blood not only from cere- 
bral veins, but also from the ophthalmic veins (from the 
orbit) and emissary veins (from the pterygoid plexus of 
veins in the infratemporal fossa). These connections 
provide pathways for infections to pass from extracranial 
sites into intracranial locations. In addition, because struc- 
tures pass through the cavernous sinuses and are located 
in the walls of these sinuses they are vulnerable to injury 
due to inflammation. 

Structures passing through each cavernous sinus are: 


the internal carotid artery; and 
the abducent nerve [VI]. 


Structures in the lateral wall of each cavernous sinus 
are, from superior to inferior: 


the oculomotor nerve [IIT]; 

the trochlear nerve [IV]; 

the ophthalmic nerve [V,]; and 
the maxillary nerve [V3]. 


Connecting the right and left cavernous sinuses are the 
intercavernous sinuses on the anterior and posterior sides 
of the pituitary stalk (Fig. 8.43). 

Sphenoparietal sinuses drain into the anterior ends of 
each cavernous sinus. These small sinuses are along the 
inferior surface of the lesser wings of the sphenoid and 
receive blood from the diploic and meningeal veins. 


Superior and inferior petrosal sinuses 


The superior petrosal sinuses drain the cavernous sinuses 
into the transverse sinuses. Each superior petrosal sinus 
begins at the posterior end of the cavernous sinus, passes 
posterolaterally along the superior margin of the petrous 
part of each temporal bone, and connects to the transverse 
sinus (Fig. 8.43). The superior petrosal sinuses also receive 
cerebral and cerebellar veins. 

The inferior petrosal sinuses also begin at the posterior 
ends of the cavernous sinuses. These bilateral sinuses pass 
posteroinferiorly in a groove between the petrous part of 
the temporal bone and the basal part of the occipital bone, 
ending in the internal jugular veins. They assist in drain- 
ing the cavernous sinuses, and also receive blood from 
cerebellar veins, and veins from the internal ear and 
brainstem. 

Basilar sinuses connect the inferior petrosal sinuses to 
each other and to the vertebral plexus of veins. They are 
on the clivus, just posterior to the sella turcica of the sphe- 
noid bone (Fig. 8.43). 


In the clinic 


Head injury 
Head trauma is a common injury and is a significant cause 
of morbidity and death. It typically occurs in young male 
adults and accounts for approximately 10% of all deaths 
within this age group. Head injury may occur in isolation, 
but often the patient has other injuries; it should always 
be suspected in patients with multiple injuries. Among 
patients with multiple trauma, 50% die from the head 
injury. 

At the time of the initial head injury two processes take 
place. 


m First the primary brain injury may involve primary 
axonal and cellular damage, which results from the 


In the clinic 


Types of intracranial hemorrhage 

Primary brain hemorrhage 

The many causes of a primary brain hemorrhage include 
aneurysm rupture, hypertension (intracerebral hematoma 
secondary to high blood pressure), and bleeding after 
cerebral infarction. 


Extradural hemorrhage 

An extradural hemorrhage (Fig. 8.45) is caused by arterial 
damage and results from tearing of the branches of 

the middle meningeal artery, which typically occurs in the 
region of the pterion. Blood collects between the 
periosteal layer of the dura and the calvaria and under 
arterial pressure slowly expands. 

The typical history is of a blow to the head (often 
during a sporting activity) that produces a minor loss of 
consciousness. Following the injury the patient usually 
regains consciousness and has a lucid interval for a period 
of hours. After this rapid drowsiness and unconsciousness 
ensue, which may lead to death. 


Subdural hematoma 

A subdural hematoma (Fig. 8.46) develops between the 
dura mater and the arachnoid mater. The hematoma 
results from venous bleeding, usually from torn cerebral 
veins where they enter the superior sagittal sinus. 


Extradural hematoma 








shearing deceleration forces within the brain. These 
injuries are generally not repairable. Further primary 
brain injuries include intracerebral hemorrhage and 
penetrating injuries, which may directly destroy gray 
and white matter. 


= The secondary injuries are sequelae of the initial 


trauma. They include scalp laceration, fracture of the 
cranial vault, disruption of intracerebral arteries and 
veins, intracerebral edema, and infection. In most 
cases these can be treated if diagnosed early, and 
rapid and effective treatment will significantly 
improve the patient’s recovery and prognosis. 


Shift of the falx cerebri 
P= 


Fig. 8.45 Extradural hematoma. Axial CT scan of brain. 
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In the clinic—cont’d 


Patients at most risk of developing a subdural Subarachnoid hemorrhage 
hematoma are the young and elderly. The increased CSF Subarachnoid hemorrhage (Fig. 8.47) may occur in 
Space in patients with cerebral atrophy results in a greater patients who have undergone significant cerebral trauma, 
than normal stress on the cerebral veins entering the but typically it results from a ruptured intracerebral 
Sagittal sinus. The clinical history usually includes a trivial aneurysm arising from the vessels supplying and around 
injury followed by an insidious loss of consciousness or the arterial circle (of Willis). 


alteration of personality. 


Subarachnoid basal cisterns containing blood 


Lateral ventricles shifted 





Subdural hematoma 





Fig. 8.46 Chronic (low-density) subdural hematoma. Axial CT 
scan of brain. Fig. 8.47 Subarachnoid hemorrhage. Axial CT scan of brain. 
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Clinical assessment of patients with head injury 
Clinical assessment of patients with head injury always 
appears relatively straightforward. In reality it is usually far 
from straightforward. 

Patients may have a wide spectrum of modes of injury 
from a simple fall to complex multiple trauma. The age of 
the patient and ability to communicate about the injuries 
are important factors. 

The circumstances in which the injury may have 
occurred should be documented because some head 
injuries result from a serious assault, and the physician 
may be required to give evidence to a court of law. 

Determining the severity of head injury may be difficult 
because some injuries occur as a result of or in association 
with alcohol intoxication. 

Even when the diagnosis has been made and the 
correct management has been instigated, the 
circumstances in which the injury occurred and the 
environment to which the patient will return after 
treatment need to be reviewed to prevent further injuries 


In the clinic 


Treatment of head injury 

Treatment of primary brain injury is extremely limited. 
Axonal disruption and cellular death are generally 
irrecoverable. Whenever the brain is injured, like most 
tissues, it swells. Because the brain is encased within a 
fixed space (the skull), swelling impairs cerebral function 
and has two other important effects. 


m First, the swelling compresses the blood supply into 
the skull, resulting in a physiologically dramatic 
increase in blood pressure. 

= Second, the cerebral swelling may be diffuse, 
eventually squeezing the brain and brainstem 
through the foramen magnum (coning). This 


Regional anatomy ° Brain and its blood supply 





(e.g., an elderly person tripping on loose carpet on a 
Staircase). 

A thorough clinical examination includes all systems, 
but with a special focus on the central and peripheral 
nervous systems. The level of consciousness must also be 
assessed and accurately documented using the Glasgow 
coma scale, which allows clinicians to place a numerical 
value upon the level of consciousness so that any 
deterioration or improvement can be measured and 
quantified. 


Glasgow coma scale 

The Glasgow coma scale was proposed in 1974 and is now 
widely accepted throughout the world. There is a total 
score of 15 points, such that 15/15 indicates that the 
patient is alert and fully oriented, whereas 3/15 indicates a 
severe and deep coma. The points score comprises a best 
motor response (total of 6 points), best verbal response 
(total of 5 points), and best eye movement response (total 
of 4 points). 


compression and disruption of the brainstem may 
lead to a loss of basic cardiorespiratory function and 
death will ensue. Focal cerebral edema may cause 
one side of the brain to herniate beneath the falx 
cerebri (falcine herniation). 


Simple measures to prevent the swelling include 
hyperventilation (which alters the intracerebral acid—base 
balance and decreases swelling) and intravenous 
corticosteroids (though their action is often delayed). 

Extracerebral hematoma may be removed surgically. 

The outcome of patients with head injury depends on 
how the secondary injury is managed. Even with a severe 
primary injury, patients may recover to lead a normal life. 
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CRANIAL NERVES 


The 12 pairs of cranial nerves are part of the peripheral 
nervous system (PNS) and pass through foramina or fis- 
sures in the cranial cavity. All nerves except one, the acces- 
sory nerve [XI], originate from the brain. 

In addition to having similar somatic and visceral com- 
ponents as spinal nerves, some cranial nerves also contain 


Table 8.4 Cranial nerve functional components 


Functional component Abbreviation General function 


General somatic afferent GSA 


Perception of touch, pain, 


special sensory and motor components (Tables 8.4 and 
8.5). 

The special sensory components are associated with 
hearing, seeing, smelling, balancing, and tasting. 

Special motor components include those that innervate 
skeletal muscles derived embryologically from the pharyn- 
geal arches and not from somites. 


Cranial nerves containing component 


Trigeminal nerve [V]; facial nerve [VII]; glossopharyngeal nerve 


[IX]; vagus nerve [X] 


Glossopharyngeal nerve [IX]; vagus nerve [X] 


temperature 
General visceral afferent GVA Sensory input from viscera 
Special afferent* SA Smell, taste, vision, hearing, and 


Olfactory nerve [I]; optic nerve [II]; facial nerve [VII]; 


balance 


General somatic efferent GSE 


vestibulocochlear nerve [VIII]; glossopharyngeal nerve [IX]; 
vagus nerve [X] 


Motor innervation to skeletal 


Oculomotor nerve [Ill]; trochlear nerve [IV]; abducent nerve 


(voluntary) muscles 


General visceral efferent GVE 


[VI]; accessory nerve [XI]; hypoglossal nerve [XII] 


Motor innervation to smooth 


Oculomotor nerve [III]; facial nerve [VII]; glossopharyngeal 


muscle, heart muscle, and 


glands 


General visceral efferent** BE 


nerve [IX]; vagus nerve [X] 


Motor innervation to skeletal 


Trigeminal nerve [V]; facial nerve [VII]; glossopharyngeal nerve 


muscles derived from 


pharyngeal arch mesoderm 


Other terminology used when describing functional components: 


[IX]; vagus nerve [X] 


*Special sensory, or special visceral afferent (SVA): smell, taste. Special somatic afferent (SSA): vision, hearing, balance. 


**Special visceral efferent (SVE) or branchial motor. 


Table 8.5 Cranial nerves (see Table 8.4 for abbreviations) 


COMPONENT 


Nerve Afferent Efferent Exit from skull 


Function 


Smell 


Cribriform plate of ethmoid 


Olfactory nerve [I] SA 


Optic nerve [II] SA 


Vision 


GSE—innervates levator palpebrae superioris, superior rectus, 


inferior rectus, medial rectus, and inferior oblique muscles 
GVE—innervates sphincter pupillae for pupillary constriction; ciliary 
muscles for accommodation of the lens for near vision 


Innervates superior oblique muscle 


GSA—sensory from: ophthalmic division [V,]—eyes, conjunctiva, 


bone 

Optic canal 
Oculomotor GSE, Superior orbital fissure 
nerve [Ill] GVE 
Trochlear nerve GSE Superior orbital fissure 
[IV] 
Trigeminal nerve GSA BE Superior orbital fissure— 
[V] ophthalmic division [V;] 


Foramen rotundum— 
maxillary nerve [V] 


Foramen ovale—mandibular 


division [V3] 


orbital contents, nasal cavity, frontal sinus, ethmoidal cells, upper 
eyelid, dorsum of nose, anterior part of scalp, dura in anterior 
cranial fossa, superior part of tentorium cerebelli; maxillary nerve 
[V,]—dura in middle cranial fossa, nasopharynx, palate, nasal cavity, 
upper teeth, maxillary sinus, skin covering the side of the nose, 
lower eyelid, cheek, upper lip; mandibular division [V3]—skin of 
lower face, cheek, lower lip, anterior part of external ear, part of 
external acoustic meatus, temporal fossa, anterior two-thirds of 
tongue, lower teeth, mastoid air cells, mucous membranes of 
cheek, mandible, dura in middle cranial fossa 

BE—innervates temporalis, masseter, medial and lateral pterygoids, 
tensor tympani, tensor veli palatini, anterior belly of digastric, and 
mylohyoid muscles 


Table 8.5—cont’d Cranial nerves (see Table 8.4 for abbreviations) 


COMPONENT 
Nerve Afferent Efferent Exit from skull 
Abducent nerve GSE Superior orbital fissure 


[VI] 


Facial nerve [VII] GSA, SA GVE, BE Stylomastoid foramen [nerve 
leaves cranial cavity through 
internal acoustic meatus and 
gives rise to branches in the 
facial canal of the temporal 
bone prior to exiting 
through the stylomastoid 
foramen. These branches 
leave the skull through other 
fissures and canals.] 


Vestibulocochlear SA [nerve leaves cranial cavity 
nerve [VIII] through internal acoustic 
meatus] 


Glossopharyngeal GVA, SA, GVE, BE Jugular foramen 
nerve [IX] GSA 


Vagus nerve [X] GSA, GVE, BE Jugular foramen 
GVA, SA 

Accessory nerve GSE Jugular foramen 

[XI] 

Hypoglossal GSE Hypoglossal canal 

nerve [XII] 


In human embryology, six pharyngeal arches are des- 
ignated, but the fifth pharyngeal arch never develops. Each 
of the pharyngeal arches that does develop is associated 
with a developing cranial nerve or one of its branches. 
These cranial nerves carry efferent fibers that innervate the 
musculature derived from the pharyngeal arch. 

Innervation of the musculature derived from the five 
pharyngeal arches that do develop is as follows: 


first arch—trigeminal nerve [V3]; 

second arch—facial nerve [VII]; 

third arch—glossopharyngeal nerve [IX]; 

fourth arch—superior laryngeal branch of the vagus 
nerve [X]; 





Function 


Innervates lateral rectus muscle 


GSA—sensory from part of external acoustic meatus and deeper 
parts of auricle 

SA—taste from anterior two-thirds of tongue 

GVE—innervates lacrimal gland, submandibular and sublingual 
salivary glands, and mucous membranes of nasal cavity, hard and 
soft palates 

BE—innervates muscles of face (muscles of facial expression) and 
scalp derived from the second pharyngeal arch, and stapedius, 
posterior belly of digastric, stylohyoid muscles 


Vestibular division—balance 
Cochlear division—hearing 


GVA—sensory from carotid body and sinus 

GSA—posterior one-third of tongue, palatine tonsils, oropharynx, 
and mucosa of middle ear and pharyngotympanic tube 
SA—taste from posterior one-third of tongue 

GVE—innervates parotid salivary gland 

BE—innervates stylopharyngeus muscle 


GSA—sensory from larynx, laryngopharynx, deeper parts of auricle, 
part of external acoustic meatus, and dura in posterior cranial fossa 
GVA—sensory from aortic body chemoreceptors and aortic arch 
baroreceptors, esophagus, bronchi, lungs, heart, and abdominal 
viscera of the foregut and midgut 

SA—taste from the epiglottis and pharynx 

GVE—innervates smooth muscle and glands in the pharynx, larynx, 
thoracic viscera, and abdominal viscera of the foregut and midgut 
BE—innervates one tongue muscle (palatoglossus), muscles of soft 
palate (except tensor veli palatini), pharynx (except 
stylopharyngeus), and larynx 


Innervates sternocleidomastoid and trapezius muscles 


Innervates hyoglossus, genioglossus, and styloglossus muscles and 
all intrinsic muscles of the tongue 


= sixth arch—recurrent laryngeal branch of the vagus 
nerve |X]. 


Olfactory nerve [I] 


The olfactory nerve [I] carries special afferent (SA) fibers 
for the sense of smell. Its sensory neurons have: 


= peripheral processes that act as receptors in the nasal 
mucosa; and 
= central processes that return information to the brain. 
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The receptors are in the roof and upper parts of the nasal 
cavity and the central processes, after joining into small 
bundles, enter the cranial cavity by passing through the 
cribriform plate of the ethmoid bone (Fig. 8.48). They 
terminate by synapsing with secondary neurons in the 
olfactory bulbs (Fig. 8.49). 


Optic nerve [II] 


The optic nerve [II] carries SA fibers for vision. These 
fibers return information to the brain from photoreceptors 
in the retina. Neuronal processes leave the retinal recep- 
tors, join into small bundles, and are carried by the optic 
nerves to other components of the visual system in the 
brain. The optic nerves enter the cranial cavity through 
the optic canals (Fig. 8.48). 


Oculomotor nerve [Ill] 
The oculomotor nerve [III] carries two types of fibers: 


= general somatic efferent (GSE) fibers innervate most of 
the extra-ocular muscles; 





Olfactory bulb 


Optic nerve [Il] 


Oculomotor nerve [III] 


Abducent nerve [VI] 
Trochlear nerve [IV] 


Trigeminal nerve [V] 


Accessory nerve [XI] 


Fig. 8.48 Cranial nerves exiting the cranial cavity. 


= general visceral efferent (GVE) fibers are part of the 
parasympathetic part of the autonomic division of the 
PNS. 


The oculomotor nerve [III] leaves the anterior surface 
of the brainstem between the midbrain and the pons (Fig. 
8.49). It enters the anterior edge of the tentorium cerebelli, 
continues in an anterior direction in the lateral wall of the 
cavernous sinus (Figs. 8.48 and 8.49), and leaves the 
cranial cavity through the superior orbital fissure. 

In the orbit, the GSE fibers in the oculomotor nerve 
innervate levator palpebrae superioris, superior rectus, 
inferior rectus, medial rectus, and inferior oblique 
muscles. 

The GVE fibers are preganglionic parasympathetic fibers 
that synapse in the ciliary ganglion and ultimately inner- 
vate the sphincter pupillae muscle, responsible for pupil- 
lary constriction, and the ciliary muscles, responsible for 
accommodation of the lens for near vision. 


Trochlear nerve [IV] 


The trochlear nerve [IV] is a cranial nerve that carries 
GSE fibers to innervate the superior oblique muscle, an 


Olfactory nerves [I] 


Ophthalmic nerve [V4] 
Maxillary nerve [V3] 
Mandibular nerve [V3] 
Trigeminal ganglion 
Facial nerve [VII] 


Vestibulocochlear nerve [VIII] 


Glossopharyngeal nerve [IX] 
Vagus nerve [X] 


Hypoglossal nerve [XII] 


Pons 


Facial nerve [VII] 


Vestibulocochlear 
nerve [VIII] 


Glossopharyngeal 
nerve [IX] 


Vagus nerve [X] 
with cranial root of 
accessory 


Accessory nerve [XI] 


Fig. 8.49 Cranial nerves on the base of the brain. 


extra-ocular muscle in the orbit. It arises in the midbrain 
and is the only cranial nerve to exit from the posterior 
surface of the brainstem (Fig. 8.49). After curving around 
the midbrain, it enters the inferior surface of the free edge 
of the tentorium cerebelli, continues in an anterior direc- 
tion in the lateral wall of the cavernous sinus (Figs. 8.48 
and 8.49), and enters the orbit, through the superior 
orbital fissure. 


Trigeminal nerve [V] 


The trigeminal nerve [V] is the major general sensory 
nerve of the head, and also innervates muscles that move 
the lower jaw. It carries general somatic afferent (GSA) and 
branchial efferent (BE) fibers: 


= the GSA fibers provide sensory input from the face, 
anterior one-half of the scalp, mucous membranes of 
the oral and nasal cavities and the paranasal sinuses, 
the nasopharynx, part of the ear and external acoustic 
meatus, part of the tympanic membrane, orbital con- 
tents and conjunctiva, and the dura mater in the 
anterior and middle cranial fossae; 





Olfactory bulbs 


Temporal lobe 
Optic nerve [II] 


Oculomotor nerve [III] 


Trochlear nerve [IV] 


Trigeminal nerve [V] 
sensory root 


Trigeminal nerve [V] 
motor root 


Abducent nerve [VI] 


Hypoglossal nerve [XII] 


Cerebellum 


= the BE fibers innervate the muscles of mastication, the 
tensor tympani, the tensor veli palatini, the mylohyoid, 
and the anterior belly of the digastric. 


The trigeminal nerve exits from the anterolateral surface 
of the pons as a large sensory root and a small motor root 
(Fig. 8.49). These roots continue forward out of the poste- 
rior cranial fossa and into the middle cranial fossa by 
passing over the medial tip of the petrous part of the tem- 
poral bone (Fig. 8.48). 

In the middle cranial fossa the sensory root expands 
into the trigeminal ganglion (Fig. 8.48), which contains 
cell bodies for the sensory neurons in the trigeminal 
nerve and is comparable to a spinal ganglion. The ganglion 
is in a depression (the trigeminal depression) on the ante- 
rior surface of the petrous part of the temporal bone, in a 
dural cave (the trigeminal cave). The motor root is below 
and completely separate from the sensory root at this 
point. 

Arising from the anterior border of the trigeminal gan- 
glion are the three terminal divisions of the trigeminal 
nerve, which in descending order are: 
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the ophthalmic nerve (ophthalmic division [V;]); 
the maxillary nerve (maxillary division [V,]); and 
the mandibular nerve (mandibular division [V;]). 


Ophthalmic nerve [V,] 


The ophthalmic nerve [V,| passes forward in the dura of 
the lateral wall of the cavernous sinus (see Fig. 8.44), 
leaves the cranial cavity, and enters the orbit through the 
superior orbital fissure. 

The ophthalmic nerve [V,| carries sensory branches 
from the eyes, conjunctiva, and orbital contents, including 
the lacrimal gland. It also receives sensory branches from 
the nasal cavity, frontal sinus, ethmoidal cells, falx cerebri, 
dura in the anterior cranial fossa and superior parts of the 
tentorium cerebelli, upper eyelid, dorsum of the nose, and 
the anterior part of the scalp. 


Maxillary nerve [V,] 


The maxillary nerve [V2] passes forward in the dura mater 
of the lateral wall of the cavernous sinus just inferior to the 
ophthalmic nerve [V,] (see Fig. 8.44), leaves the cranial 
cavity through the foramen rotundum, and enters the 
pterygopalatine fossa. 

The maxillary nerve [V,] receives sensory branches 
from the dura in the middle cranial fossa, the nasophar- 
ynx, the palate, the nasal cavity, teeth of the upper jaw, 
maxillary sinus, and skin covering the side of the nose, the 
lower eyelid, the cheek, and the upper lip. 


Mandibular nerve [V3] 


The mandibular nerve [V;] leaves the inferior margin of 
the trigeminal ganglion and leaves the skull through the 
foramen ovale. 

The motor root of the trigeminal nerve also passes 
through the foramen ovale and unites with the sensory 
component of the mandibular nerve [V3] outside the skull. 
Thus the mandibular nerve |V;] is the only division of the 
trigeminal nerve that contains a motor component. 

Outside the skull the motor fibers innervate the four 
muscles of mastication (temporalis, masseter, and medial 
and lateral pterygoids), as well as the tensor tympani, the 
tensor veli palatini, the anterior belly of the digastric, and 
the mylohyoid muscles. 

The mandibular nerve [V3] also receives sensory 
branches from the skin of the lower face, cheek, lower lip, 
anterior part of the external ear, part of the external acous- 
tic meatus and the temporal region, the anterior two-thirds 
of the tongue, the teeth of the lower jaw, the mastoid air 
cells, the mucous membranes of the cheek, the mandible, 
and dura in the middle cranial fossa. 


Abducent nerve [VI] 


The abducent nerve [VI] carries GSE fibers to innervate 
the lateral rectus muscle in the orbit. It arises from the 
brainstem between the pons and medulla and passes 
forward, piercing the dura covering the clivus (Figs. 8.48 
and 8.49). Continuing upward in a dural canal, it crosses 
the superior edge of the petrous temporal bone, enters and 
crosses the cavernous sinus (see Fig. 8.44) just inferolat- 
eral to the internal carotid artery, and enters the orbit 
through the superior orbital fissure. 


Facial nerve [VII] 


The facial nerve [VII] carries GSA, SA, GVE, and BE 
fibers: 


the GSA fibers provide sensory input from part of the 
external acoustic meatus and deeper parts of the 
auricle; 

the SA fibers are for taste from the anterior two-thirds 
of the tongue; 

the GVE fibers are part of the parasympathetic part of 
the autonomic division of the PNS and stimulate secre- 
tomotor activity in the lacrimal gland, submandibular 
and sublingual salivary glands, and glands in the 
mucous membranes of the nasal cavity, and hard and 
soft palates; 

the BE fibers innervate the muscles of the face (muscles 
of facial expression) and scalp derived from the second 
pharyngeal arch, and the stapedius, the posterior belly 
of the digastric, and the stylohyoid muscles. 


The facial nerve [VII] attaches to the lateral surface of 
the brainstem, between the pons and medulla oblongata 
(Fig. 8.49). It consists of a large motor root and a smaller 
sensory root (the intermediate nerve): 


the intermediate nerve contains the SA fibers for taste, 
the parasympathetic GVE fibers and the GSA fibers; 
the larger motor root contains the BE fibers. 


The motor and sensory roots cross the posterior cranial 
fossa and leave the cranial cavity through the internal 
acoustic meatus (Fig. 8.48). After entering the facial canal 
in the petrous part of the temporal bone, the two roots fuse 
and form the facial nerve [VII]. Near this point the nerve 
enlarges as the geniculate ganglion, which is similar to 
a spinal ganglion containing cell bodies for sensory 
neurons. 

At the geniculate ganglion the facial nerve [VII] turns 
and gives off the greater petrosal nerve, which carries 
mainly preganglionic parasympathetic (GVE) fibers (Table 
8.6). 


The facial nerve [VII] continues along the bony canal, 
giving off the nerve to stapedius and the chorda 
tympani, before exiting the skull through the 
stylomastoid foramen. 

The chorda tympani carries taste (SA) fibers from the 
anterior two-thirds of the tongue and preganglionic para- 
sympathetic (GVE) fibers destined for the submandibular 
ganglion (Table 8.6). 


Vestibulocochlear nerve [VIII] 


The vestibulocochlear nerve [VIII] carries SA fibers for 
hearing and balance, and consists of two divisions: 


a vestibular component for balance; 
a cochlear component for hearing. 


The vestibulocochlear nerve [VIII] attaches to the lateral 
surface of the brainstem, between the pons and medulla, 
after emerging from the internal acoustic meatus and 
crossing the posterior cranial fossa (Figs. 8.48 and 8.49). 
The two divisions combine into the single nerve seen in the 
posterior cranial fossa within the substance of the petrous 
part of the temporal bone. 


Glossopharyngeal nerve [IX] 


The glossopharyngeal nerve [IX] carries GVA, SA, GVE, 
and BE fibers: 


the GVA fibers provide sensory input from the carotid 
body and sinus; 

the GSA fibers provide sensory input from posterior 
one-third of the tongue, palatine tonsils, oropharynx, 
and mucosa of the middle ear and pharyngotympanic 
tube; 

the SA fibers are for taste from the posterior one-third 
of the tongue; 

the GVE fibers are part of the parasympathetic part of 
the autonomic division of the PNS and stimulate secre- 
tomotor activity in the parotid salivary gland; 


Table 8.6 Parasympathetic ganglia of the head 
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the BE fibers innervate the muscle derived from the 
third pharyngeal arch (the stylopharyngeus muscle). 


The glossopharyngeal nerve [IX] arises as several root- 
lets on the anterolateral surface of the upper medulla 
oblongata (Fig. 8.49). The rootlets cross the posterior 
cranial fossa and enter the jugular foramen (Fig. 8.48). 
Within the jugular foramen, and before exiting from it, the 
rootlets merge to form the glossopharyngeal nerve. 

Within or immediately outside the jugular foramen are 
two ganglia (the superior and inferior ganglia), which 
contain the cell bodies of the sensory neurons in the glos- 
sopharyngeal nerve [IX]. 


Tympanic nerve 


Branching from the glossopharyngeal nerve [IX] either 
within or immediately outside the jugular foramen is the 
tympanic nerve. This branch re-enters the temporal 
bone, enters the middle ear cavity, and participates in the 
formation of the tympanic plexus. Within the middle ear 
cavity it provides sensory innervation to the mucosa of the 
cavity, pharyngotympanic tube, and mastoid air cells. 
The tympanic nerve also contributes GVE fibers, which 
leave the tympanic plexus in the lesser petrosal nerve— 
a small nerve that exits the temporal bone, enters the 
middle cranial fossa, and descends through the foramen 
ovale to exit the cranial cavity carrying preganglionic 
parasympathetic fibers to the otic ganglion (Table 8.6). 


Vagus nerve [X] 


The vagus nerve [X] carries GSA, GVA, SA, GVE, and BE 
fibers: 


the GSA fibers provide sensory input from the larynx, 
laryngopharynx, deeper parts of the auricle, part of the 
external acoustic meatus, and the dura mater in the 
posterior cranial fossa; 





Cranial nerve origin 
of ganglion 


Cranial nerve origin of 


Input function preganglionic fibers Function 


Ciliary Oculomotor nerve [Ill] Oculomotor nerve [Ill] Innervation of sphincter pupillae muscle for pupillary constriction, 


and ciliary muscles for accommodation of the lens for near vision 


Pterygopalatine Greater petrosal nerve Facial nerve [VII] Innervation of lacrimal gland, and mucous glands of nasal cavity, 


maxillary sinus, and palate 


Otic Lesser petrosal nerve Glossopharyngeal nerve 


[IX] 


Innervation of parotid gland 
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Submandibular Chorda tympani to Facial nerve [VII] 


lingual 


Innervation of submandibular and sublingual glands 
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the GVA fibers provide sensory input from the aortic 
body chemoreceptors and aortic arch baroreceptors, 
and the esophagus, bronchi, lungs, heart, and abdomi- 
nal viscera in the foregut and midgut; 

the SA fibers are for taste around the epiglottis and 
pharynx; 

the GVE fibers are part of the parasympathetic part of 
the autonomic division of the PNS and stimulate smooth 
muscle and glands in the pharynx, larynx, thoracic 
viscera, and abdominal viscera of the foregut and 
midgut; 

the BE fibers innervate one muscle of the tongue (pala- 
toglossus), the muscles of the soft palate (except tensor 
veli palatini), pharynx (except stylopharyngeus), and 
larynx. 


The vagus nerve arises as a group of rootlets on the 
anterolateral surface of the medulla oblongata just inferior 
to the rootlets arising to form the glossopharyngeal nerve 
[IX] (Fig. 8.49). The rootlets cross the posterior cranial 
fossa and enter the jugular foramen (Fig. 8.48). Within 
this foramen, and before exiting from it, the rootlets merge 
to form the vagus nerve [X]. Within or immediately outside 
the jugular foramen are two ganglia, the superior 
(jugular) and inferior (nodose) ganglia, which contain 
the cell bodies of the sensory neurons in the vagus 
nerve |X]. 


Accessory nerve [XI] 


The accessory nerve [XI] is a cranial nerve that carries GSE 
fibers to innervate the sternocleidomastoid and trapezius 
muscles. It is a unique cranial nerve because its roots arise 
from motor neurons in the upper five segments of the cervi- 


cal spinal cord. These fibers leave the lateral surface of the 
spinal cord and, joining together as they ascend, enter the 
cranial cavity through the foramen magnum (Fig. 8.49). 
The accessory nerve [XI] continues through the posterior 
cranial fossa and exits through the jugular foramen (Fig. 
8.48). It then descends in the neck to innervate the 
sternocleidomastoid and trapezius muscles from their deep 
surfaces. 


Cranial root of the accessory nerve 


Some descriptions of the accessory nerve [XI] refer to a few 
rootlets arising from the caudal part of the medulla oblon- 
gata on the anterolateral surface just inferior to the rootlets 
arising to form the vagus nerve [X] as the “cranial” root of 
the accessory nerve (Fig. 8.49). Leaving the medulla, the 
cranial roots course with the “spinal” roots of the acces- 
sory nerve [XI] into the jugular foramen, at which 
point the cranial roots join the vagus nerve [X]. As part 
of the vagus nerve [X], they are distributed to the pharyn- 
geal musculature innervated by the vagus nerve [X] 
and are therefore described as being part of the vagus 
nerve |X]. 


Hypoglossal nerve [XII] 


The hypoglossal nerve [XII] carries GSE fibers to innervate 
all intrinsic and most of the extrinsic muscles of the tongue. 
It arises as several rootlets from the anterior surface of the 
medulla, passes laterally across the posterior cranial fossa 
and exits through the hypoglossal canal (Figs. 8.48 and 
8.49). This nerve innervates the hyoglossus, styloglossus, 
and genioglossus muscles and all intrinsic muscles of the 
tongue. 


In the clinic 


Cranial nerve lesions 


Cranial nerve 


Olfactory nerve [I] 


Optic nerve [II] 


Oculomotor 
nerve [Ill] 


Trochlear nerve 
[IV] 


Trigeminal nerve 
[V] 


Abducent nerve 
[VI] 


Facial nerve [VII] 


Vestibulocochlear 
nerve [VIII] 


Glossopharyngeal 
nerve [IX] 


Vagus nerve [X] 


Accessory nerve 
[XI] 


Hypoglossal 
nerve [XII] 


Clinical findings 


Loss of smell (anosmia) 


Blindness/visual field abnormalities, loss of 
pupillary constriction 


Dilated pupil, ptosis, loss of normal pupillary reflex, 
eye moves down inferiorly and laterally (down 
and out) 


Inability to look inferiorly when the eye is adducted 
(down and in) 


Loss of sensation and pain in the region supplied 
by the three divisions of the nerve over the face; 
loss of motor function of the muscles of 
mastication on the side of the lesion 


Inability of lateral eye movement 


Paralysis of facial muscles 

Abnormal taste sensation from the anterior 
two-thirds of the tongue and dry conjunctivae 
Paralysis of contralateral facial muscles below 
the eye 


Progressive unilateral hearing loss and tinnitus 
(ringing in the ear) 


Loss of taste to the posterior one-third of the 
tongue and sensation of the soft palate 


Soft palate deviation with deviation of the uvula to 
the normal side; vocal cord paralysis 


Paralysis of sternocleidomastoid and trapezius 
muscles 


Atrophy of ipsilateral muscles of the tongue and 
deviation toward the affected side; speech 
disturbance 
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Example of lesion 


Injury to the cribriform plate; congenital 
absence 


Direct trauma to the orbit; disruption of the 
optic pathway 


Pressure from an aneurysm arising from the 
posterior communicating, posterior cerebral, 
or superior cerebellar artery; pressure from a 
herniating cerebral uncus (false localizing 
sign); cavernous sinus mass or thrombosis 


Along the course of the nerve around the 
brainstem; orbital fracture 


Typically, in the region of the trigeminal 
ganglion, though local masses around the 
foramina through which the divisions pass 
can produce symptoms 


Brain lesion or cavernous sinus lesion 
extending onto the orbit 


Damage to the branches within the parotid 
gland 

Injury to temporal bone; viral inflammation of 
nerve 

Brainstem injury 


Tumor at the cerebellopontine angle 


Brainstem lesion; penetrating neck injury 


Brainstem lesion; penetrating neck injury 


Penetrating injury to the posterior triangle of 


the neck 


Penetrating injury to the neck and skull base 
pathology 
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Thus an understanding of the unique organization 
of the various structures between the superciliary 
arches superiorly, the lower edge of the mandible inferi- 
orly, and as far back as the ears on either side, the area 
defined as the face, is particularly useful in the practice of 
medicine. 


FACE 


A face-to-face meeting is an important initial contact 
between individuals. Part of this exchange is the use of 
facial expressions to convey emotions. In fact, a physician 
can gain important information about an individual’s 
general health by observing a patient’s face. 
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Table 8.7 Muscles of the face 


Muscle 


Origin 


Insertion 


Function 


Innervation 


Orbital group 


Orbicularis oculi 


Facial nerve [VII] 


Medial palpebral ligament 


—Palpebral part 
—Orbital part 


Corrugator supercilii 


Nasal part of frontal bone; 
frontal process of maxilla; 
medial palpebral ligament 


Medial end of the 
superciliary arch 


Lateral palpebral raphe 


Fibers form an uninterrupted 
ellipse around orbit 


Skin of the medial half of 
eyebrow 


Facial nerve [VII] 


Facial nerve [VII] 


Closes the eyelids gently 


Closes the eyelids forcefully 


Draws the eyebrows medially 
and downward 


Nasal group 
Nasalis Maxilla just lateral to nose Aponeurosis across dorsum Facial nerve Compresses nasal aperture 
—Transverse part of nose with muscle fibers [VII] 
from the other side 
—Alar part Maxilla over lateral incisor Alar cartilage of nose Facial nerve Draws cartilage downward 
[VII] and laterally opening nostril 
Procerus Nasal bone and upper Skin of lower forehead Facial nerve Draws down medial angle of 
part of lateral nasal between eyebrows [VII] eyebrows producing 
cartilage transverse wrinkles over 
bridge of nose 
Depressor septi Maxilla above medial Mobile part of the nasal Facial nerve Pulls nose inferiorly 
incisor septum [VII] 
Oral group 
Depressor anguli Oblique line of mandible Skin at the corner of mouth Facial nerve Draws corner of mouth 
oris below canine, premolar, and blending with orbicularis [VII] down and laterally 
and first molar teeth oris 
Depressor labii Anterior part of oblique Lower lip at midline; blends Facial nerve Draws lower lip downward 
inferioris line of mandible with muscle from opposite [VII] and laterally 
side 
Mentalis Mandible inferior to Skin of chin Facial nerve Raises and protrudes lower 
incisor teeth [VII] lip as it wrinkles skin on chin 
Risorius Fascia over masseter Skin at the corner of the Facial nerve Retracts corner of mouth 
muscle mouth [VII] 
Zygomaticus major Posterior part of lateral Skin at the corner of the Facial nerve Draws the corner of the 
surface of zygomatic bone mouth [VII] mouth upward and laterally 
Zygomaticus minor Anterior part of lateral Upper lip just medial to Facial nerve Draws the upper lip upward 
surface of zygomatic bone corner of mouth [VII] 


Muscles 


The muscles of the face (Fig. 8.50) develop from the second 
pharyngeal arch and are innervated by branches of the 
facial nerve [VII]. They are in the superficial fascia, with 
origins from either bone or fascia, and insertions into 
the skin. 

Because these muscles control expressions of the face, 
they are sometimes referred to as muscles of “facial expres- 


sion.” They also act as sphincters and dilators of the orifices 
of the face (i.e., the orbits, nose, and mouth). This organi- 
zational arrangement into functional groups provides a 
logical approach to understanding these muscles (Table 
8.7). 


Orbital group 


Two muscles are associated with the orbital group—the 
orbicularis oculi and the corrugator supercilii. 





Table 8.7—cont’d 


Muscle 
Oral group 


Levator labii 
superioris 


Levator labii 
superioris alaeque 
nasi 


Levator anguli oris 


Orbicularis oris 


Buccinator 


Other muscles or 
groups 


Anterior auricular 
Superior auricular 
Posterior auricular 
Occipitofrontalis 


—Frontal belly 
—Occipital belly 


Muscles of the face 


Origin 


Infra-orbital margin of 
maxilla 


Frontal process of maxilla 


Maxilla below infra-orbital 
foramen 


From muscles in area; 
maxilla and mandible in 
midline 


Posterior parts of maxilla 
and mandible; 
pterygomandibular raphe 


Anterior part of temporal 
fascia 


Epicranial aponeurosis on 
side of head 


Mastoid process of 
temporal bone 


Skin of eyebrows 


Lateral part of superior 
nuchal line of occipital 
bone and mastoid process 
of temporal bone 


Insertion 


Skin of upper lateral half of 
upper lip 

Alar cartilage of nose and 
upper lip 


Skin at the corner of mouth 


Forms ellipse around mouth 


Blends with orbicularis oris 
and into lips 


Into helix of ear 


Upper part of auricle 


Convexity of concha of ear 


Into galea aponeurotica 


Into galea aponeurotica 


Innervation Function 

Facial nerve Raises upper lip; helps form 

[VII] nasolabial furrow 

Facial nerve Raises upper lip and opens 

[VII] nostril 

Facial nerve Raises corner of mouth; 

[VII] helps form nasolabial furrow 

Facial nerve Closes lips; protrudes lips 

[VII] 

Facial nerve Presses the cheek against 

[VII] teeth; compresses distended 
cheeks 

Facial nerve Draws ear upward and 

[VII] forward 

Facial nerve Elevates ear 

[VII] 

Facial nerve Draws ear upward and 

[VII] backward 

Facial nerve Wrinkles forehead; raises 

[VII] eyebrows 

Facial nerve Draws scalp backward 

[VII] 
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Anterior auricular Superior auricular 







Frontal belly of 
occipitofrontalis 


Orbicularis oculi 


Procerus 
Nasalis 


Levator labii superioris 
alaeque nasi 


<a 


4 


aa. 


Levator labii 
superioris 







Zygomaticus minor 


Occipital belly of 
occipitofrontalis 


Zygomaticus major 
Orbicularis oris 


Depressor labii 
inferioris 


Mentalis 


Posterior auricular 
Depressor anguli oris 


Risorius 


Buccinator 


Platysma 


Fig. 8.50 Facial muscles. 


858 


Corrugator supercilii 





Fig. 8.51 Orbital group of facial muscles. 


Orbicularis oculi 


The orbicularis oculi is a large muscle that completely 
surrounds each orbital orifice and extends into each eyelid 
(Fig. 8.51). It closes the eyelids. It has two major parts: 


= the outer orbital part is a broad ring that encircles the 
orbital orifice and extends outward beyond the orbital 
rim; 

= the inner palpebral part is in the eyelids and consists 
of muscle fibers originating in the medial corner of the 
eye that arch across each lid to attach laterally. 


The orbital and palpebral parts have specific roles to 
play during eyelid closure. The palpebral part closes the 
eye gently, whereas the orbital part closes the eye more 
forcefully and produces some wrinkling on the forehead. 

An additional small lacrimal part of the orbicularis oculi 
muscle is deep, medial in position, and attaches to bone 
posterior to the lacrimal sac of the lacrimal apparatus in 
the orbit. 


Corrugator supercilii 


The second muscle in the orbital group is the much smaller 
corrugator supercilii (Fig. 8.51), which is deep to the 
eyebrows and the orbicularis oculi muscle and is active 
when frowning. It arises from the medial end of the super- 
ciliary arch, passing upward and laterally to insert into the 
skin of the medial half of the eyebrow. It draws the eye- 
brows toward the midline, causing vertical wrinkles above 
the nose. 


Nasal group 


Three muscles are associated with the nasal group—the 
nasalis, the procerus, and the depressor septi nasi (Fig. 
8.52). 





Orbital 
Orbicularis oculi 
Palpebral 


Nasalis 


The largest and best developed of the muscles of the nasal 
group is the nasalis, which is active when the nares are 
flared (Fig. 8.52). It consists of a transverse part (the com- 
pressor naris) and an alar part (the dilator naris): 


Procerus 





Transverse 
part 


Nasalis 


Alar part 


Depressor septi nasi 
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Fig. 8.52 Nasal group of facial muscles. 
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= the transverse part of the nasalis compresses the 
nares—it originates from the maxilla and its fibers pass 
upward and medially to insert, along with fibers from 
the same muscle on the opposite side, into an aponeu- 
rosis across the dorsum of the nose; 

= the alar part of the nasalis draws the alar cartilages 
downward and laterally, so opening the nares—it origi- 
nates from the maxilla, below and medial to the trans- 
verse part, and inserts into the alar cartilage. 


Procerus 


The procerus is a small muscle superficial to the nasal 
bone and is active when an individual frowns (Fig. 8.52). 
It arises from the nasal bone and the upper part of the 
lateral nasal cartilage and inserts into the skin over the 
lower part of the forehead between the eyebrows. It may 
be continuous with the frontal belly of the occipitofrontalis 
muscle of the scalp. 

Procerus draws the medial border of the eyebrows 
downward to produce transverse wrinkles over the bridge 
of the nose. 


Depressor septi nasi 


The final muscle in the nasal group is the depressor septi 
nasi, another muscle that assists in widening the nares 


Levator labii superioris alaeque nasi 


Levator labii superioris 


Zygomaticus minor 


Zygomaticus major 


Modiolus 


Risorius 


Platysma 


Depressor anguli oris 


Depressor labii inferioris 


Fig. 8.53 Oral group of facial muscles. 


(Fig. 8.52). Its fibers arise from the maxilla above the 
central incisor tooth and ascend to insert into the lower 
part of the nasal septum. 

Depressor septi nasi pulls the nose inferiorly, so assisting 
the alar part of the nasalis in opening the nares. 


Oral group 


The muscles in the oral group move the lips and cheek. 
They include the orbicularis oris and buccinator muscles, 
and a lower and upper group of muscles (Fig. 8.50). Many 
of these muscles intersect just lateral to the corner of the 
mouth on each side at a structure termed the modiolus. 


Orbicularis oris 


The orbicularis oris is a complex muscle consisting of 
fibers that completely encircle the mouth (Fig. 8.53). Its 
function is apparent when pursing the lips, as occurs 
during whistling. Some of its fibers originate near the 
midline from the maxilla superiorly and the mandible 
inferiorly, whereas other fibers are derived from both the 
buccinator, in the cheek, and the numerous other 
muscles acting on the lips. It inserts into the skin and 
mucous membrane of the lips, and into itself. 

Contraction of the orbicularis oris narrows the mouth 
and closes the lips. 


Levator anguli oris 








Buccinator 


Orbicularis oris 


Mentalis 


Buccinator 


The buccinator forms the muscular component of the 
cheek and is used every time air expanding the cheeks is 
forcefully expelled (Figs. 8.53 and 8.54). It is in the space 
between the mandible and the maxilla, deep to the other 
facial muscles in the area. 

The buccinator arises from the posterior part of the 
maxilla and mandible opposite the molar teeth and the 
pterygomandibular raphe, which is a tendinous band 
between the pterygoid hamulus superiorly and the man- 
dible inferiorly and is a point of attachment for the bucci- 
nator and superior pharyngeal constrictor muscles. 

The fibers of the buccinator pass toward the corner of 
the mouth to insert into the lips, blending with fibers from 
the orbicularis oris in a unique fashion. Central fibers of the 
buccinator cross so that lower fibers enter the upper lip and 
upper fibers enter the lower lip (Fig. 8.54). The highest and 
lowest fibers of the buccinator do not cross and enter the 
upper and lower lips, respectively. 






Parotid 
duct (cut) 


Buccinator muscle 
Pterygomandibular raphe 


Superior pharyngeal 
constrictor muscle 


Fig. 8.54 Buccinator muscle. 


Contraction of the buccinator presses the cheek against 
the teeth. This keeps the cheek taut and aids in mastication 
by preventing food from accumulating between the teeth 
and the cheek. It also assists in the forceful expulsion of air 
from the cheeks. 


Lower group of oral muscles 


The muscles in the lower group consist of the depressor 
anguli oris, depressor labii inferioris. and mentalis (Fig. 
8.53). 


= Depressor anguli oris is active during frowning. It 
arises along the side of the mandible below the canine, 
premolar, and first molar teeth and inserts into skin and 
the upper part of the orbicularis oris near the corner of 
the mouth. It depresses the corner of the mouth. 

= Depressor labii inferioris arises from the front of the 
mandible, deep to depressor anguli oris. Its fibers move 
superiorly and medially, some merging with fibers from 
the same muscle on the opposite side and fibers from the 
orbicularis oris before inserting into the lower lip. It 
depresses the lower lip and moves it laterally. 

= Mentalis helps position the lip when drinking from a 
cup or when pouting. It is the deepest muscle of the 
lower group arising from the mandible just inferior to 
the incisor teeth, with its fibers passing downward and 
medially to insert into the skin of the chin. It raises and 
protrudes the lower lip as it wrinkles the skin of the 
chin. 


Upper group of oral muscles 


The muscles of the upper group of oral muscles consist of 
risorius, zygomaticus major, zygomaticus minor, levator 
labii superioris, levator labii superioris alaeque nasi, and 
levator anguli oris (Fig. 8.53). 


= Risorius helps produce a grin (Fig. 8.53). It is a thin, 
superficial muscle that extends laterally from the corner 
of the mouth in a slightly upward direction. Contrac- 
tion of its fibers pulls the corner of the mouth laterally 
and upward. 

= Zygomaticus major and zygomaticus minor help 
produce a smile (Fig. 8.53). Zygomaticus major is a 
superficial muscle that arises deep to the orbicularis 
oculi along the posterior part of the lateral surface of the 
zygomatic bone, and passes downward and forward, 
blending with the orbicularis oris and inserting into 
skin at the corner of the mouth. Zygomaticus minor 
arises from the zygomatic bone anterior to the origin of 
zygomaticus major, parallels the path of zygomaticus 
major, and inserts into the upper lip medial to the corner 
of the mouth. Both zygomaticus muscles raise the 
corner of the mouth and move it laterally. 
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= Levator labii superioris deepens the furrow between 
the nose and the corner of the mouth during sadness 
(Fig. 8.53). It arises from the maxilla just superior to the 
infra-orbital foramen, and its fibers pass downward and 
medially to blend with the orbicularis oris and insert 
into the skin of the upper lip. 

= Levator labii superioris alaeque nasi is medial to 
the levator labii superioris, arises from the maxilla next 
to the nose, and inserts into both the alar cartilage of 
the nose and skin of the upper lip (Fig. 8.53). It may 
assist in flaring the nares. 

= Levator anguli oris is more deeply placed and covered 
by the other two levators and the zygomaticus muscles 
(Fig. 8.53). It arises from the maxilla, just inferior to the 
infra-orbital foramen and inserts into the skin at the 
corner of the mouth. It elevates the corner of the mouth 
and may help deepen the furrow between the nose and 
the corner of the mouth during sadness. 


Other muscles or muscle groups 


Several additional muscles or groups of muscles not in the 
area defined as the face, but derived from the second pha- 
ryngeal arch and innervated by the facial nerve [VII], are 
considered muscles of facial expression. They include the 
platysma, auricular, and occipitofrontalis muscles (Fig. 
8.50). 


Platysma 


Platysma is a large, thin sheet of muscle in the superficial 
fascia of the neck. It arises below the clavicle in the upper 
part of the thorax and ascends through the neck to the 
mandible. At this point, the more medial fibers insert on 
the mandible, whereas the lateral fibers join with muscles 
around the mouth. 

Platysma tenses the skin of the neck and can move the 
lower lip and corners of the mouth down. 


Auricular muscles 


Three of these muscles, “other muscles of facial expres- 
sion,” are associated with the ear—the anterior, superior, 
and posterior auricular muscles (Fig. 8.55): 


= the anterior muscle is anterolateral and pulls the ear 
upward and forward; 
the superior muscle is superior and elevates the ear; 
the posterior muscle is posterior and retracts and ele- 
vates the ear. 


Superior auricular 





Anterior auricular 
Posterior auricular 


Fig. 8.55 Auricular muscles. 


Occipitofrontalis 


Occipitofrontalis is the final muscle in this category of 
“other muscles of facial expression” and is associated with 
the scalp (Fig. 8.50). It consists of a frontal belly anteriorly 
and an occipital belly posteriorly. An aponeurotic tendon 
connects the two: 


= the frontal belly covers the forehead and is attached to 
the skin of the eyebrows; 

= the occipital belly arises from the posterior aspect of the 
skull and is smaller than the frontal belly. 


The occipitofrontalis muscles move the scalp and 
wrinkle the forehead. 


Parotid gland 


The parotid glands are the largest of the three pairs of 
main salivary glands in the head and numerous structures 
pass through them. They are anterior to and below the 
lower half of the ear, superficial, posterior, and deep to 
the ramus of mandible (Fig. 8.56). They extend down to 
the lower border of the mandible and up to the zygomatic 
arch. Posteriorly they covers the anterior part of the 
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Fig. 8.56 Parotid gland. A. Lateral view. B. Cross-section. 
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sternocleidomastoid muscle and continues anteriorly to 
halfway across the masseter muscle. 

The parotid duct leaves the anterior edge of the parotid 
gland midway between the zygomatic arch and the corner 
of the mouth (Fig. 8.56). It crosses the face in a transverse 
direction and, after crossing the medial border of the mas- 
seter muscle, turns deeply into the buccal fat pad and 
pierces the buccinator muscle. It opens into the oral cavity 
near the second upper molar tooth. 
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Important relationships 


Several major structures enter and pass through or pass 
just deep to the parotid gland. These include the facial 
nerve [VII], the external carotid artery and its branches, 
and the retromandibular vein and its tributaries (Fig. 
8.56). 


Facial nerve 


The facial nerve [VII] exits the skull through the stylomas- 
toid foramen and then passes into the parotid gland, where 
it usually divides into upper and lower trunks. These pass 
through the substance of the parotid gland, where there 
may be further branching and anastomosing of the 
nerves. 

Five terminal groups of branches of the facial nerve 
[VII|—the temporal, zygomatic, buccal, marginal 
mandibular, and cervical branches—emerge from the 
upper, anterior, and lower borders of the parotid gland 
(Fig. 8.56). 

The intimate relationships between the facial nerve 
[VII] and the parotid gland mean that surgical removal of 
the parotid gland is a difficult dissection if all branches of 
the facial nerve [VII] are to be spared. 


External carotid artery and its branches 


The external carotid artery enters into or passes deep to the 
inferior border of the parotid gland (Fig. 8.56). As it con- 
tinues in a superior direction, it gives off the posterior 
auricular artery before dividing into its two terminal 
branches (the maxillary and superficial temporal 
arteries) near the lower border of the ear: 


the maxillary artery passes horizontally, deep to the 
mandible; 

the superficial temporal artery continues in a superior 
direction and emerges from the upper border of the 
gland after giving off the transverse facial artery. 


Retromandibular vein and its tributaries 


The retromandibular vein is formed in the substance of the 
parotid gland when the superficial temporal and maxil- 
lary veins join together (Fig. 8.56), and passes inferiorly 
in the substance of the parotid gland. It usually divides into 
anterior and posterior branches just below the inferior 
border of the gland. 


Arterial supply 


The parotid gland receives its arterial supply from the 
numerous arteries that pass through its substance. 


Innervation 


Sensory innervation of the parotid gland is provided by the 
auriculotemporal nerve, which is a branch of the man- 
dibular nerve [V3]. This division of the trigeminal nerve 
exits the skull through the foramen ovale. 

The auriculotemporal nerve also carries secretomotor 
fibers to the parotid gland. These postganglionic parasym- 
pathetic fibers have their origin in the otic ganglion associ- 
ated with the mandibular nerve [V3] and are just inferior 
to the foramen ovale. 

Preganglionic parasympathetic fibers to the otic gan- 
glion come from the glossopharyngeal nerve [IX]. 


In the clinic 


Parotid gland 

The parotid gland is the largest of the paired salivary 
glands and is enclosed within the split investing layer 
of deep cervical fascia. 

The parotid gland produces a watery saliva and salivary 
amylase, which are necessary for food bolus formation, 
oral digestion, and smooth passage of the bolus into the 
upper gastrointestinal tract. 


Tumors of the parotid gland 

The commonest tumors of the parotid gland (Fig. 8.57) are 
benign and typically involve the superficial gland. These 
include pleomorphic adenoma and adenolymphoma. 
Their importance is in relation to their anatomical 
position. Critically, the relationship of the tumor to the 
branches of the facial nerve [VII] must be defined because 
resection may damage the facial nerve [VII]. In addition, if 
the tumor extends to the deep part of the gland the 
patient will need to provide consent for potential facial 
nerve [VII] damage. 


Parotid gland stones 

It is not uncommon for stones to develop within the 
parotid gland. They typically occur within the main 
confluence of the ducts and within the main parotid duct. 
The patient usually complains of intense pain when 
salivating and tends to avoid foods that produce this 
symptom. The pain can be easily reproduced in clinic by 
squirting lemon juice into the patient’s mouth. 

Surgery depends upon where the stone is. If it is within 
the anterior aspect of the duct, a simple incision in the 
buccal mucosa with a sphincterotomy may allow removal. 
If the stone is farther back within the main duct, complete 
gland excision may be necessary. 


Innervation 


During development a cranial nerve becomes associated 
with each of the pharyngeal arches. Because the face is 
primarily derived from the first and second pharyngeal 
arches, innervation of neighboring facial structures varies 
as follows: 


the trigeminal nerve |V] innervates facial structures 
derived from the first arch; 
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Fig. 8.57 Tumor in parotid gland. Axial CT scan. 


the facial nerve | VI] innervates facial structures derived 
from the second arch. 


Sensory innervation 


Because the face is derived developmentally from a number 
of structures originating from the first pharyngeal arch, 
cutaneous innervation of the face is by branches of the tri- 
geminal nerve [V]. 865 
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The trigeminal nerve |V] divides into three major divi- 
sions—the ophthalmic [V,], maxillary [V-], and mandibu- 
lar [V3] nerves—before leaving the middle cranial fossa 
(Fig. 8.58). Each of these divisions passes out of the cranial 
cavity to innervate a part of the face, so most of the skin 
covering the face is innervated by branches of the trigemi- 
nal nerve [V]. The exception is a small area covering the 
angle and lower border of the ramus of mandible and parts 
of the ear, which are innervated by the trigeminal [V], 
facial [VII], vagus [X], and cervical nerves. 


Ophthalmic nerve [V4] 
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266 Fig. 8.58 Trigeminal nerve [V] leaving the skull. 


Ophthalmic nerve [V,] 


The ophthalmic nerve [V,]| exits the skull through the 
superior orbital fissure and enters the orbit. Its branches 
(Fig. 8.58) that innervate the face include: 


= thesupra-orbital and supratrochlear nerves, which 
leave the orbit superiorly and innervate the upper 
eyelid, forehead, and scalp; 

= the infratrochlear nerve, which exits the orbit in the 
medial angle to innervate the medial half of the upper 
eyelid, the skin in the area of the medial angle, and the 
side of the nose; 


Maxillary nerve [V5] 


Auriculotemporal nerve 


Mandibular nerve [V3] 


Zygomaticofacial nerve 


= the lacrimal nerve, which exits the orbit in the lateral 
angle to innervate the lateral half of the upper eyelid 
and the skin in the area of the lateral angle; and 

= the external nasal nerve, which supplies the anterior 
part of the nose (Fig. 8.59). 


Maxillary nerve [V2] 


The maxillary nerve [V2] exits the skull through the 
foramen rotundum. Branches (Fig. 8.58) that innervate 
the face include: 


= asmallzygomaticotemporal branch, which exits the 
zygomatic bone and supplies a small area of the ante- 
rior temple above the zygomatic arch; 
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Fig. 8.59 Cutaneous distribution of the trigeminal nerve [V]. 
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= a small zygomaticofacial branch, which exits the 
zygomatic bone and supplies a small area of skin over 
the zygomatic bone; and 

= the large infra-orbital nerve, which exits the maxilla 
through the infra-orbital foramen and immediately 
divides into multiple branches to supply the lower 
eyelid, cheek, side of the nose, and upper lip (Fig. 8.59). 


Mandibular nerve [V3] 


The mandibular nerve [V3] exits the skull through the 
foramen ovale. Branches (Fig. 8.58) innervating the face 
include: 


= the auriculotemporal nerve, which enters the face 
just posterior to the temporomandibular joint, passes 
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through the parotid gland, and ascends just anterior to 
the ear to supply the external acoustic meatus, the 
surface of the tympanic membrane (eardrum), and a 
large area of the temple; 

the buccal nerve, which is on the surface of the buc- 
cinator muscle supplying the cheek; and 

the mental nerve, which exits the mandible through 
the mental foramen and immediately divides into 
multiple branches to supply the skin and mucous 
membrane of the lower lip and skin of the chin (Fig. 
8.59). 
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Motor innervation 


The muscles of the face, as well as those associated with 
the ear and the scalp, are derived from the second pharyn- 
geal arch. The cranial nerve associated with this arch is 
the facial nerve [VII] and therefore branches of the facial 
nerve [VII] innervate all these muscles. 

The facial nerve [VII] exits the posterior cranial fossa 
through the internal acoustic meatus. It passes through 
the temporal bone, giving off several branches, and 
emerges from the base of the skull through the stylomas- 
toid foramen (Fig. 8.60). At this point it gives off the 
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Fig. 8.60 Facial nerve [VII] on the face. A. Terminal branches. B. Branches before entering the parotid gland. 


posterior auricular nerve. This branch passes upward, 
behind the ear, to supply the occipital belly of the occipito- 
frontalis muscle of the scalp and the posterior auricular 
muscle of the ear. 

The main stem of the facial nerve [VII] then gives off 
another branch, which innervates the posterior belly of the 
digastric muscle and the stylohyoid muscle. At this point, 
the facial nerve | VII] enters the deep surface of the parotid 
gland (Fig. 8.60B). 

Once in the parotid gland, the main stem of the facial 
nerve [VII] usually divides into upper (temporofacial) and 
lower (cervicofacial) branches. As these branches pass 
through the substance of the parotid gland they may 
branch further or take part in an anastomotic network 
(the parotid plexus). 

Whatever types of interconnections occur, five terminal 
groups of branches of the facial nerve [| VI[|—the temporal, 
zygomatic, buccal, marginal mandibular, and cervical 
branches—emerge from the parotid gland (Fig. 8.60A). 

Although there are variations in the pattern of distribu- 
tion of the five terminal groups of branches, the basic 
pattern is as follows: 


= temporal branches exit from the superior border of the 
parotid gland to supply muscles in the area of the 
temple, forehead, and supra-orbital area; 

= zygomatic branches emerge from the anterosuperior 
border of the parotid gland to supply muscles in the 
infra-orbital area, the lateral nasal area, and the 
upper lip; 

= buccal branches emerge from the anterior border of 
the parotid gland to supply muscles in the cheek, the 
upper lip, and the corner of the mouth; 

= marginal mandibular branches emerge from the 
anteroinferior border of the parotid gland to supply 
muscles of the lower lip and chin; 

= cervical branches emerge from the inferior border of 
the parotid gland to supply the platysma. 


Vessels 


The arterial supply to the face is primarily from branches 
of the external carotid artery, though there is some limited 
supply from a branch of the internal carotid artery. 

Similarly, most of the venous return is back to the 
internal jugular vein, though some important connections 
from the face result in venous return through a clinically 
relevant intracranial pathway involving the cavernous 
sinus. 


Arteries 
Facial artery 


The facial artery is the major vessel supplying the face (Fig. 
8.61). It branches from the anterior surface of the external 
carotid artery, passes up through the deep structures of the 
neck and appears at the lower border of the mandible after 
passing posterior to the submandibular gland. Curving 
around the inferior border of the mandible just anterior to 
the masseter, where its pulse can be felt, the facial artery 
then enters the face. From this point the facial artery runs 
upward and medially in a tortuous course. It passes along 
the side of the nose and terminates as the angular artery 
at the medial corner of the eye. 

Along its path the facial artery is deep to the platysma, 
risorius, and zygomaticus major and minor, superficial to 
the buccinator and levator anguli oris, and may pass 
superficially to or through the levator labii superioris. 

Branches of the facial artery include the superior and 
inferior labial branches and the lateral nasal branch (Fig. 
8.61). 

The labial branches arise near the corner of the 
mouth: 


the inferior labial branch supplies the lower lip; 
the superior labial branch supplies the upper lip, and 
also provides a branch to the nasal septum. 


Near the midline, the superior and inferior labial 
branches anastomose with their companion arteries from 
the opposite side of the face. This provides an important 
connection between the facial arteries and the external 
carotid arteries of opposite sides. 

The lateral nasal branch is a small branch arising 
from the facial artery as it passes along the side of the nose. 
It supplies the lateral surface and dorsum of the nose. 


Transverse facial artery 


Another contributor to the vascular supply of the face is 
the transverse facial artery (Fig. 8.61), which is a branch 
of the superficial temporal artery (the smaller of the two 
terminal branches of the external carotid artery). 

The transverse facial artery arises from the superficial 
temporal artery within the substance of the parotid gland, 
passes through the gland, and crosses the face in a trans- 
verse direction. Lying on the superficial surface of the mas- 
seter muscle, it is between the zygomatic arch and the 
parotid duct. 





869 


Head and neck 





A Zygomaticofacial artery and vein Transverse facial artery and vein 


Zygomaticotemporal artery and vein Superficial temporal artery and vein 













Supratrochlear 
artery and vein 


Supra-orbital artery and vein 


Angular artery and vein 
Dorsal nasal artery and vein 4 


Lateral nasal r 
artery and vein A= 


Posterior auricular vein 


Superior labial Posterior auricular artery 


artery and vein Occipital vein 


Occipital artery 


External jugular vein 


Inferior labial AA 
artery and vein 


Facial artery 


Facial vein 


External carotid artery Internal jugular vein 


Transverse facial artery 


Superficial temporal artery 


Maxillary artery 


Infra-orbital artery 


Buccal artery 


External carotid artery 


Lingual artery 


Mental artery 


Facial artery 


Fig. 8.61 Vasculature of the face. A. Lateral view. B. Branches of the maxillary artery. 
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Branches of the maxillary artery 


The maxillary artery, the larger of the two terminal 
branches of the external carotid artery, gives off several 
small branches which contribute to the arterial supply to 
the face: 


= the infra-orbital artery enters the face through the 
infra-orbital foramen and supplies the lower eyelid, 
upper lip, and the area between these structures. 

= the buccal artery enters the face on the superficial 
surface of the buccinator muscle and supplies struc- 
tures in this area; 

= the mental artery enters the face through the mental 
foramen and supplies the chin. 


Branches of the ophthalmic artery 


Three small arteries from the internal carotid artery also 
contribute to the arterial supply of the face. These vessels 
arise from the ophthalmic artery, a branch of the inter- 
nal carotid artery, after the ophthalmic artery enters the 
orbit: 


= the zygomaticofacial and zygomaticotemporal 
arteries come from the lacrimal branch of the ophthal- 
mic artery (Fig. 8.61), enter the face through the zygo- 
maticofacial and zygomaticotemporal foramina, and 
supply the area of the face over the zygomatic bone; 

= the dorsal nasal artery, a terminal branch of the oph- 
thalmic artery, exits the orbit in the medial corner, and 
supplies the dorsum of the nose. 


Other branches of the ophthalmic artery (the supra- 
orbital and supratrochlear arteries) supply the anterior 
scalp. 


Veins 
Facial vein 


The facial vein is the major vein draining the face (Fig. 
8.61). Its point of origin is near the medial corner of 
the orbit as the supratrochlear and supra-orbital 
veins come together to form the angular vein. This vein 
becomes the facial vein as it proceeds inferiorly and assumes 
a position just posterior to the facial artery. The facial vein 
descends across the face with the facial artery until it 
reaches the inferior border of the mandible. Here the artery 
and vein part company and the facial vein passes superfi- 
cial to the submandibular gland to enter the internal 
jugular vein. 

Throughout its course the facial vein receives tributar- 
ies from veins draining the eyelids, external nose, lips, 
cheek, and chin that accompany the various branches of 
the facial artery. 


Transverse facial vein 


The transverse facial vein is a small vein that accompanies 
the transverse facial artery in its journey across the face 
(Fig. 8.61). It empties into the superficial temporal vein 
within the substance of the parotid gland. 


Intracranial venous connections 


As it crosses the face, the facial vein has numerous connec- 
tions with venous channels passing into deeper regions of 
the head (Fig. 8.62): 


= near the medial corner of the orbit, it communicates 
with ophthalmic veins; 

= in the area of the cheek it communicates with veins 
passing into the infra-orbital foramen; 

= it communicates with veins passing into deeper regions 
of the face (i.e., the deep facial vein connecting with the 
pterygoid plexus of veins). 


All these venous channels have interconnections with 
the intracranial cavernous sinus through emissary veins 
that connect intracranial with extracranial veins. There 
are no valves in the facial vein or any other venous chan- 
nels in the head, so blood can move in any direction. 
Because of the interconnections between the veins, infec- 
tions of the face, primarily above the mouth (i.e., the 
“danger area”) should be handled with great care to 
prevent the dissemination of infectious material in an 
intracranial direction. 
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Fig. 8.62 Intracranial venous connections. 





871 





872 


Head and neck 


Lymphatic drainage 
Lymphatic drainage from the face primarily moves toward 
three groups of lymph nodes (Fig. 8.63): 


submental nodes inferior and posterior to the chin, 
which drain lymphatics from the medial part of the 
lower lip and chin bilaterally; 

submandibular nodes superficial to the submandibu- 
lar gland and inferior to the body of the mandible, 
which drain the lymphatics from the medial corner of 
the orbit, most of the external nose, medial part of the 
cheek, the upper lip and the lateral part of the lower lip 
that follow the course of the facial artery; 
pre-auricular and parotid nodes anterior to the ear, 
which drain lymphatics from most of the eyelids, a part 
of the external nose, and the lateral part of the cheek. 


Fig. 8.63 Lymphatic drainage of the face. 


In the clinic 


Facial nerve [VII] palsy (Bell’s palsy) 

The complexity of the facial nerve [VII] is demonstrated by 
the different pathological processes and sites at which 
these processes occur. 

The facial nerve [VII] is formed from the nuclei within 
the brainstem emerging at the junction of the pons and 
the medulla. It enters the internal acoustic meatus, passes 
to the geniculate ganglion (which gives rise to further 
branches), and emerges from the skull base after a 
complex course within the temporal bone, leaving 
through the stylomastoid foramen. It enters the parotid 
gland and gives rise to five terminal groups of branches 
that supply muscles in the face and a number of 
additional branches that supply deeper or more posterior 
muscles. A series of lesions may affect the nerve along its 
course and it is possible, with good clinical expertise, to 
determine the exact site of the lesion in relation to the 
course of the nerve. 


Central lesions 

A primary brainstem lesion affecting the motor nucleus of 
the facial nerve (VII) would lead to ipsilateral (same side) 
weakness of the whole face. However, because the upper 
part of the nucleus receives motor input from the left and 
right cerebral hemispheres a lesion occurring above the 
nucleus leads to contralateral lower facial weakness. In this 
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example, motor innervation to the upper face is spared 
because the upper part of the nucleus receives input from 
both hemispheres. Preservation and loss of the special 
functions are determined by the extent of the lesion. 


Lesions at and around the geniculate ganglion 
Typically lesions at and around the geniculate ganglion 
are accompanied by loss of motor function on the whole 
of the ipsilateral (Same) side of the face. Taste to the 
anterior two-thirds of the tongue, lacrimation, and some 
salivation also are likely to be affected because the lesion 
is proximal to the greater petrosal and chorda tympani 
branches of the nerve. 


Lesions at and around the stylomastoid foramen 
Lesions at and around the stylomastoid foramen are the 
commonest abnormality of the facial nerve [VII] and 
usually result from a viral inflammation of the nerve within 
the bony canal before exiting through the stylomastoid 
foramen. Typically the patient has an ipsilateral loss of 
motor function of the whole side of the face. Not only 
does this produce an unusual appearance, but it also 
complicates chewing of food. Lacrimation and taste may 
not be affected if the lesion remains distal to the greater 
petrosal and chorda tympani branches that originate deep 
in the temporal bone. 


In the clinic 


Trigeminal neuralgia 

Trigeminal neuralgia (tic douloureux) is a complex 
sensory disorder of the sensory root of the trigeminal 
nerve. Typically the pain is in the region of the 
mandibular [V3] and maxillary [V2] nerves, and is 
typically of sudden onset, excruciating in nature, and 
may be triggered by touching a sensitive region of skin. 

The etiology of trigeminal neuralgia is unknown, 
although anomalous blood vessels lying adjacent to the 
sensory route of the maxillary [V2] and mandibular [V3] 
nerves may be involved. 

If symptoms persist and are unresponsive to medical 
care, surgical exploration of the trigeminal nerve (which 
is not without risk) may be necessary to remove any 
aberrant vessels. 


SCALP 


The scalp is the part of the head that extends from the 
superciliary arches anteriorly to the external occipital pro- 
tuberance and superior nuchal lines posteriorly. Laterally 
it continues inferiorly to the zygomatic arch. 

The scalp is a multilayered structure with layers that 
can be defined by the word itself: 


S—skin; 

C—connective tissue (dense); 
A—aponeurotic layer; 
L—loose connective tissue; 
P—pericranium (Fig. 8.64). 


Layers 


Examining the layers of the scalp reveals that the first three 
layers are tightly held together, forming a single unit. This 
unit is sometimes referred to as the scalp proper and is the 
tissue torn away during serious “scalping” injuries. 


Skin 


The skin is the outer layer of the scalp (Figs. 8.64 and 
8.65). It is similar structurally to skin throughout the body 
with the exception that hair is present on a large amount 
of it. 


Connective tissue (dense) 


Deep to the skin is dense connective tissue. This layer 
anchors the skin to the third layer and contains the 
arteries, veins, and nerves supplying the scalp. When the 
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Fig. 8.64 SCALP. 
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Fig. 8.65 Layers of the scalp. 


scalp is cut, the dense connective tissue surrounding the 
vessels tends to hold cut vessels open. This results in profuse 
bleeding. 


Aponeurotic layer 


The deepest layer of the first three layers is the aponeurotic 
layer. Firmly attached to the skin by the dense connective 873 
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tissue of the second layer, this layer consists of the occipi- 
tofrontalis muscle, which has a frontal belly anteriorly, an 
occipital belly posteriorly, and an aponeurotic tendon— 
the epicranial aponeurosis (galea aponeurotica) — 
connecting the two (Fig. 8.66). 

The frontal belly of occipitofrontalis begins anteriorly 
where it is attached to the skin of the eyebrows. It passes 
upward, across the forehead, to become continuous with 
the aponeurotic tendon. 

Posteriorly, each occipital belly ofoccipitofrontalis arises 
from the lateral part of the superior nuchal line of the 
occipital bone and the mastoid process of the temporal 
bone. It also passes superiorly to attach to the aponeurotic 
tendon. 

The occipitofrontalis muscles move the scalp, wrinkle 
the forehead, and raise the eyebrows. The frontal belly 
is innervated by temporal branches of the facial nerve 
[VII] and the posterior belly by the posterior auricular 
branch. 


Loose connective tissue 


A layer of loose connective tissue separates the aponeu- 
rotic layer from the pericranium and facilitates movement 
of the scalp proper over the calvaria (Figs. 8.64 and 8.65). 
Because of its consistency, infections tend to localize and 
spread through the loose connective tissue. 


Pericranium 


The pericranium is the deepest layer of the scalp and is 
the periosteum on the outer surface of the calvaria. It is 
attached to the bones of the calvaria, but is removable, 
except in the area of the sutures. 


Innervation 


Sensory innervation of the scalp is from two major sources, 
cranial nerves or cervical nerves, depending on whether it 
is anterior or posterior to the ears and the vertex of the 
head (Fig. 8.67), The occipitofrontalis muscle is innervated 
by branches of the facial nerve [VII]. 


Anterior to the ears and the vertex 
Branches of the trigeminal nerve [V] supply the scalp ante- 
rior to the ears and the vertex of the head (Fig. 8.67). These 
branches are the supratrochlear, supra-orbital, zygomati- 
cotemporal, and auriculotemporal nerves: 





= thesupratrochlear nerve exits the orbit, passes through 
the frontalis muscle, continues superiorly across the 
front of the forehead, and supplies the front of the fore- 
head near the midline; 
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Fig. 8.66 Occipitofrontalis muscle. A. Frontal belly. B. Occipital 
belly. 


the supra-orbital nerve exits the orbit through the 
supra-orbital notch or foramen, passes through the 
frontalis muscle, and continues superiorly across 
the scalp as far back as the vertex of the head; 

the zygomaticotemporal nerve exits the skull through 
a foramen in the zygomatic bone and supplies the scalp 
over a small anterior area of the temple; 

the auriculotemporal nerve exits from the skull, deep to 
the parotid gland, passes just anterior to the ear, con- 
tinues superiorly anterior to the ear until nearly reach- 
ing the vertex of the head, and supplies the scalp over 
the temporal region and anterior to the ear to near the 
vertex. 


Posterior to the ears and the vertex 


Posterior to the ears and vertex, sensory innervation of the 
scalp is by cervical nerves, specifically branches from spinal 
cord levels C2 and C3 (Fig. 8.67). These branches are the 
great auricular, the lesser occipital, the greater occipital, 
and the third occipital nerves: 


= the great auricular nerve is a branch of the cervical 
plexus, arises from the anterior rami of the C2 and C3 
spinal nerves, ascends on the surface of the sterno- 
cleidomastoid muscle, and innervates a small area of 
the scalp just posterior to the ear; 

= thelesser occipital nerve is also a branch of the cervi- 
cal plexus, arises from the anterior ramus of the C2 
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Fig. 8.67 Innervation of the scalp. 
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spinal nerve, ascends on the posterior border of the ster- 
nocleidomastoid muscle, and supplies an area of the 
scalp posterior and superior to the ear; 

the greater occipital nerve is a branch of the poste- 
rior ramus of the C2 spinal nerve, emerges just inferior 
to the obliquus capitis inferior muscle, ascends superfi- 
cial to the suboccipital triangle, pierces the semispinalis 
capitis and trapezius muscles, and then spreads out to 
supply a large part of the posterior scalp as far superi- 
orly as the vertex; 

the third occipital nerve is a branch of the posterior 
ramus of the C3 spinal nerve, pierces the semispinalis 
capitis and trapezius muscles, and supplies a small area 
of the lower part of the scalp. 
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Vessels 
Arteries 


Arteries supplying the scalp (Fig. 8.68) are branches of 
either the external carotid artery or the ophthalmic artery, 
which is a branch of the internal carotid artery. 


Branches from the ophthalmic artery 


The supratrochlear and supra-orbital arteries supply the 
anterior and superior aspects of the scalp. They branch 
from the ophthalmic artery while it is in the orbit, continue 
through the orbit, and exit onto the forehead in association 
with the supratrochlear and supra-orbital nerves. Like the 
nerves, the arteries ascend across the forehead to supply 
the scalp as far posteriorly as the vertex of the head. 
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Fig. 8.68 Vasculature of the scalp. 


Branches from the external 
carotid artery 


Three branches of the external carotid artery supply the 
largest part of the scalp—the superficial temporal, poste- 
rior auricular, and occipital arteries supply the lateral and 
posterior aspects of the scalp (Fig. 8.68): 


= the smallest branch (the posterior auricular 
artery) leaves the posterior aspect of the external 
carotid artery, passes through deeper structures, and 
emerges to supply an area of the scalp posterior to the 
ear; 

= also arising from the posterior aspect of the external 
carotid artery is the occipital artery, which ascends 
in a posterior direction, passes through several layers of 
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back musculature, and emerges to supply a large part 
of the posterior aspect of the scalp; 

= the third arterial branch supplying the scalp is the 
superficial temporal artery, a terminal branch of 
the external carotid artery that passes superiorly, just 
anterior to the ear, divides into anterior and posterior 
branches, and supplies almost the entire lateral aspect 
of the scalp. 


Veins 


Veins draining the scalp follow a pattern similar to the 
arteries: 


= the supratrochlear and supra-orbital veins drain the 
anterior part of the scalp from the superciliary arches 
to the vertex of the head (Fig. 8.68), pass inferior to the 
superciliary arches, communicate with the ophthalmic 
veins in the orbit, and continue inferiorly to participate 
in the formation of the angular vein, which is the upper 
tributary to the facial vein; 

= the superficial temporal vein drains the entire lateral 
area of the scalp before passing inferiorly to join in the 
formation of the retromandibular vein; 

= the posterior auricular vein drains the area of the 
scalp posterior to the ear and eventually empties into a 
tributary of the retromandibular vein; 

= the occipital vein drains the posterior aspect of the 
scalp from the external occipital protuberance and 
superior nuchal lines to the vertex of the head; deeper, 
it passes through the musculature in the posterior neck 
to join in the formation of the plexus of veins in the 
suboccipital triangle. 


In the clinic 


Scalp laceration 

The scalp has an extremely rich blood supply from the 
external carotid arteries, so lacerations of the scalp tend 
to bleed profusely. Importantly, scalp bleeding is 
predominantly arterial, because of two reasons. First, in 
the erect position the venous pressure is extremely low. 
Second, the vessels do not retract when lacerated 
because the connective tissue in which they are found 
prevents retraction. 





Lymphatic drainage 
Lymphatic drainage of the scalp generally follows the 
pattern of arterial distribution. 

The lymphatics in the occipital region initially drain to 
occipital nodes near the attachment of the trapezius muscle 
at the base of the skull (Fig. 8.69). Further along the 
pathway occipital nodes drain into upper deep cervical 
nodes. There is also some direct drainage to upper deep 
cervical nodes from this part of the scalp. 

Lymphatics from the upper part of the scalp drain in two 
directions: 
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Fig. 8.69 Lymphatic drainage of the scalp. 
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posterior to the vertex of the head they drain to mastoid 
nodes (retro-auricular/posterior auricular nodes) pos- 
terior to the ear near the mastoid process of the tempo- 
ral bone, and efferent vessels from these nodes drain 
into upper deep cervical nodes; 

= anterior to the vertex of the head they drain to pre- 
auricular and parotid nodes anterior to the ear on the 
surface of the parotid gland. 


Finally, there may be some lymphatic drainage from the 
forehead to the submandibular nodes through efferent 
vessels that follow the facial artery. 


ORBIT 


The orbits are bilateral structures in the upper half of the 
face below the anterior cranial fossa and anterior to the 
middle cranial fossa that contain the eyeball, the optic 
nerve, the extra-ocular muscles, the lacrimal apparatus, 
adipose tissue, fascia, and the nerves and vessels that 
supply these structures. 


Bony orbit 


Seven bones contribute to the framework of each orbit (Fig. 
8.70). They are the maxilla, zygomatic, frontal, ethmoid, 
lacrimal, sphenoid, and palatine bones. Together they give 
the bony orbit the shape of a pyramid, with its wide base 
opening anteriorly onto the face, and its apex extending in 
a posteromedial direction. Completing the pyramid con- 
figuration are medial, lateral, superior, and inferior walls. 
The apex of the pyramid-shaped bony orbit is the optic 
foramen, whereas the base (the orbital rim) is formed: 


superiorly by the frontal bone; 
medially by the frontal process of the maxilla; 
inferiorly by the zygomatic process of the maxilla and 
the zygomatic bone; and 

= laterally by the zygomatic bone, the frontal process of 
the zygomatic bone, and the zygomatic process of the 
frontal bone. 


Roof 


The roof (superior wall) of the bony orbit is made up of 
the orbital part of the frontal bone with a small contribu- 
tion from the sphenoid bone (Fig. 8.70). This thin plate of 
bone separates the contents of the orbit from the brain in 
the anterior cranial fossa. 


Unique features of the superior wall include: 


anteromedially, the possible intrusion of part of the 
frontal sinus and the trochlear fovea, for the attach- 
ment of a pulley through which the superior oblique 
muscle passes; 

anterolaterally, a depression (the lacrimal fossa) for the 
orbital part of the lacrimal gland. 


Posteriorly, the lesser wing of the sphenoid bone com- 
pletes the roof. 


Medial wall 


The medial walls of the paired bony orbits are parallel to 
each other and each consists of four bones—the maxilla, 
lacrimal, ethmoid, and sphenoid bones (Fig. 8.70). 

The largest contributor to the medial wall is the orbital 
plate of the ethmoid bone. This part of the ethmoid bone 
contains collections of ethmoidal cells, which are clearly 
visible in a dried skull. 

Also visible, at the junction between the roof and the 
medial wall, usually associated with the frontoethmoidal 
suture, are the anterior and posterior ethmoidal 
foramina. The anterior and posterior ethmoidal nerves 
and vessels leave the orbit through these openings. 
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Fig. 8.70 Bones of the orbit. 


Anterior to the ethmoid bone is the small lacrimal bone, 
and completing the anterior part of the medial wall is the 
frontal process of the maxilla. These two bones participate 
in the formation of the lacrimal groove, which contains 
the lacrimal sac and is bound by the posterior lacrimal 
crest (part of the lacrimal bone) and the anterior lacri- 
mal crest (part of the maxilla). 

Posterior to the ethmoid bone the medial wall is com- 
pleted by a small part of the sphenoid bone, which forms a 
part of the medial wall of the optic canal. 


Floor 


The floor (inferior wall) of the bony orbit, which is also 
the roof of the maxillary sinus, consists primarily of the 
orbital surface of the maxilla (Fig. 8.70), with small con- 
tributions from the zygomatic and palatine bones. 

Beginning posteriorly and continuing along the lateral 
boundary of the floor of the bony orbit is the inferior orbital 
fissure. Beyond the anterior end of the fissure the zygo- 
matic bone completes the floor of the bony orbit. 

Posteriorly, the orbital process of the palatine bone 
makes a small contribution to the floor of the bony orbit 
near the junction of the maxilla, ethmoid, and sphenoid 
bones. 


Lateral wall 


The lateral wall of the bony orbit consists of contributions 
from two bones—anteriorly, the zygomatic bone and pos- 


Levator palpebrae 
superioris muscle 


Periosteum 


















Orbicularis oculi 
muscle 


Orbital septum 


Tendon of 
levator palpebrae 
superioris muscle 

Superior 
conjunctival fornix 


Conjunctiva 
Tarsus 


Sebaceous gland 
of eyelash 


Superior tarsal muscle 
(smooth muscle) 


Tarsal gland 


Fig. 8.71 Eyelids. 





teriorly, the greater wing of the sphenoid bone (Fig. 
8.70). 


Eyelids 
The upper and lower eyelids are anterior structures that, 
when closed, protect the surface of the eyeball. 

The space between the eyelids, when they are open, is 
the palpebral fissure. 

The layers of the eyelids, from anterior to posterior, 
consist of skin, subcutaneous tissue, voluntary muscle, the 
orbital septum, the tarsus, and conjunctiva (Fig. 8.71). 

The upper and lower eyelids are basically similar in 
structure except for the addition of two muscles in the 
upper eyelid. 


Skin and subcutaneous tissue 


The skin of the eyelids is not particularly substantial and 
only a thin layer of connective tissue separates the skin 
from the underlying voluntary muscle layer (Fig. 8.71). 
The thin layer of connective tissue and its loose arrange- 
ment account for the accumulation of fluid (blood) when 
an injury occurs. 


Orbicularis oculi 


The muscle fibers encountered next in an anteroposterior 
direction through the eyelid belong to the palpebral part 
of orbicularis oculi (Fig. 8.71). This muscle is part of the 
larger orbicularis oculi muscle, which consists primarily of 
two parts—an orbital part, which surrounds the orbit, 
and the palpebral part, which is in the eyelids (Fig. 8.72). 
Orbicularis oculi is innervated by the facial nerve [VI] and 
closes the eyelids. 
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Fig. 8.72 Orbicularis oculi muscle. 
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The palpebral part is thin and anchored medially by the 
medial palpebral ligament, which attaches to the ante- 
rior lacrimal crest, and laterally blends with fibers from 
the muscle in the lower eyelid at the lateral palpebral 
ligament. 

A third part of the orbicularis oculi muscle that can be 
identified consists of fibers on the medial border, which 
pass deeply to attach to the posterior lacrimal crest. These 
fibers form the lacrimal part of the orbicularis oculi, which 
may be involved in the drainage of tears. 
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Orbital septum 


Deep to the palpebral part of the orbicularis oculi is an 
extension of periosteum into both the upper and lower 
eyelids from the margin of the orbit (Fig. 8.71). This is the 
orbital septum, which extends downward into the upper 
eyelid and upward into the lower eyelid and is continuous 
with the periosteum outside and inside the orbit (Fig. 8.73). 
The orbital septum attaches to the tendon of levator palpe- 
brae superioris muscle in the upper eyelid and attaches to 
the tarsus in the lower eyelid. 


Tarsus and levator 
palpebrae superioris 


Providing major support for each eyelid is the tarsus (Fig. 
8.71). There is a large superior tarsus in the upper eyelid 
and a smaller inferior tarsus in the lower eyelid (Fig. 
8.74). These plates of dense connective tissue are attached 
medially to the anterior lacrimal crest of the maxilla by 
the medial palpebral ligament and laterally to the orbital 
tubercle on the zygomatic bone by the lateral palpebral 
ligament. 
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Fig. 8.74 Tarsal plates. 


Although the tarsal plates in the upper and lower eyelids 
are generally similar in structure and function, there is one 
unique difference. Associated with the tarsus in the upper 
eyelid is the levator palpebrae superioris muscle (Fig. 
8.74), which raises the eyelid. Its origin is from the poste- 
rior part of the roof of the orbit, just superior to the optic 
foramen, and it inserts into the anterior surface of the 
superior tarsus, with the possibility of a few fibers attach- 
ing to the skin of the upper eyelid. It is innervated by the 
oculomotor nerve [III]. 

In companion with the levator palpebrae superioris 
muscle is a collection of smooth muscle fibers passing from 
the inferior surface of the levator to the upper edge of the 
superior tarsus (Fig. 8.71). Innervated by postganglionic 
sympathetic fibers from the superior cervical ganglion, this 
muscle is the superior tarsal muscle. 

Loss of function of either the levator palpebrae superi- 
oris muscle or the superior tarsal muscle results in a ptosis 
or drooping of the upper eyelid. 


Conjunctiva 


The structure of the eyelid is completed by a thin mem- 
brane (the conjunctiva), which covers the posterior 
surface of each eyelid (Fig. 8.71). This membrane covers 
the full extent of the posterior surface of each eyelid before 
reflecting onto the outer surface (sclera) of the eyeball. It 
attaches to the eyeball at the junction between the sclera 
and the cornea. With this membrane in place, a conjunc- 
tival sac is formed when the eyelids are closed, and the 
upper and lower extensions of this sac are the superior 
and inferior conjunctival fornices (Fig. 8.71). 


Glands 


Embedded in the tarsal plates are tarsal glands, which 
empty onto the free margin of each eyelid. These glands are 
modified sebaceous glands and secrete an oily substance 
that increases the viscosity of the tears and decreases the 
rate of evaporation of tears from the surface of the eyeball. 
Blockage and inflammation of a tarsal gland is a chala- 
zion and is on the inner surface of the eyelid. 

The tarsal glands are not the only glands associated 
with the eyelids. Associated with the eyelash follicles are 
sebaceous and sweat glands. Blockage and inflammation 
of either of these is a stye and is on the edge of the eyelid. 


Vessels 


The arterial supply to the eyelids is from the numerous 
vessels in the area. They include: 


= the supratrochlear, supra-orbital, lacrimal, and dorsal 
nasal arteries from the ophthalmic artery; 
the angular artery from the facial artery; 
the transverse facial artery from the superficial tempo- 
ral artery; and 

= branches from the superficial temporal artery itself 
(Fig. 8.75). 


Venous drainage follows an external pattern through 
veins associated with the various arteries and an internal 
pattern moving into the orbit through connections with 
the ophthalmic veins. 

Lymphatic drainage is primarily to the parotid nodes, 
with some drainage from the medial corner of the eye 
along lymphatic vessels associated with the angular and 
facial arteries to the submandibular nodes. 


Innervation 


Innervation of the eyelids includes both sensory and motor 
components. 

The sensory nerves are all branches of the trigeminal 
nerve [V]. Palpebral branches arise from: 


= the supra-orbital, supratrochlear, infratrochlear, and 
lacrimal branches of the ophthalmic nerve [V,]; and 

= the infra-orbital branch of the maxillary nerve [V>] 
(Fig. 8.76). 


Motor innervation is from: 


= the facial nerve [VII], which innervates the palpebral 
part of the orbicularis oculi; 

= the oculomotor nerve [III], which innervates the 
levator palpebrae superioris; 

= sympathetic fibers, which innervate the superior tarsal 
muscle. 


Loss of innervation of the orbicularis oculi by the facial 
nerve [VII] causes an inability to close the eyelids tightly 
and the lower eyelid droops away, resulting in a spillage of 
tears. 

Loss of innervation of the levator palpebrae superioris 
by the oculomotor nerve causes an inability to open 
the superior eyelid voluntarily, producing a complete 
ptosis. 

Loss of innervation of the superior tarsal muscle by 
sympathetic fibers causes a constant partial ptosis. 
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In the clinic 


Horner’s syndrome 

Horner's syndrome is caused by a lesion in the 
sympathetic trunk in the neck that results in sympathetic 
dysfunction. It is characterized by three typical features: 


= pupillary constriction due to paralysis of the dilator 
pupillae muscle; 

= partial ptosis (drooping of the upper eyelid) due to 
paralysis of the superior tarsal muscle of the levator 
palpebrae superioris; 

= absence of sweating on the ipsilateral side of the 
face and the neck due to absence of innervation of 
the sweat glands. 


Secondary changes may also include: 


= ipsilateral vasodilation due to loss of the normal 
sympathetic control of the subcutaneous blood 
vessels; and 

m enophthalmos (sinking of the eye)—believed to 
result from paralysis of the orbitalis muscle, though 
this is an uncommon feature of Horner’s syndrome. 


The orbitalis muscle spans the inferior orbital fissure 
and helps maintain the forward position of orbital 
contents. 


Lacrimal apparatus 


The lacrimal apparatus is involved in the production, 
movement, and drainage of fluid from the surface of the 
eyeball. It is made up of the lacrimal gland and its ducts, 
the lacrimal canaliculi, the lacrimal sac, and the naso- 
lacrimal duct. 

The lacrimal gland is anterior in the superolateral region 
of the orbit (Fig. 8.77) and is divided into two parts by the 
levator palpebrae superioris (Fig. 8.78): 


the larger orbital part is in a depression, the lacrimal 
fossa, in the frontal bone; 

the smaller palpebral part is inferior to levator palpe- 
brae superioris in the superolateral part of the eyelid. 


Numerous ducts empty the glandular secretions into 
the lateral part of the superior fornix of the conjunctiva. 

Fluid is continually being secreted by the lacrimal gland 
and moved across the surface of the eyeball from lateral to 
medial as the eyelids blink. 

The fluid accumulates medially in the lacrimal lake 
and is drained from the lake by the lacrimal canaliculi, one 


The commonest cause for Horner’s syndrome is a 
tumor eroding the cervicothoracic ganglion, which is 
typically an apical lung tumor. 


Surgically induced Horner's syndrome 

A surgically induced Horner's syndrome may be necessary 
for patients who suffer severe hyperhidrosis (sweating). 
This often debilitating condition may be so severe 

that patients are confined to their home for fear of 
embarrassment. Treatment is relatively straightforward 
and somewhat ingenious. The patient is anesthetized and 
a bifurcate endotracheal tube is placed into the left and 
right main bronchi. A small incision is made in the 
intercostal space on the appropriate side and a surgically- 
induced pneumothorax is created. The patient is 
ventilated through the contralateral lung. 

Using an endoscope the apex of the thoracic cavity can 
be viewed from inside and the cervicothoracic ganglion 
readily identified. Obliterative techniques include 
thermocoagulation and surgical excision. After the 
ganglion has been destroyed, the endoscope is removed, 
the lung is re-inflated, and the small hole is oversewn. 


canaliculus associated with each eyelid (Fig. 8.77). The 
lacrimal punctum is the opening through which fluid 
enters each canaliculus. 

Passing medially, the lacrimal canaliculi eventually join 
the lacrimal sac between the anterior and posterior lacri- 
mal crests, posterior to the medial palpebral ligament and 
anterior to the lacrimal part of the orbicularis oculi muscle 
(Figs. 8.79 and 8.80). When the orbicularis oculi muscle 
contracts during blinking, the small lacrimal part of the 
muscle may dilate the lacrimal sac and draw tears into it 
through the canaliculi from the conjunctival sac. 


Innervation 


The innervation of the lacrimal gland involves three 
different components (Fig. 8.81). 


Sensory innervation 


Sensory neurons from the lacrimal gland return to the 
CNS through the lacrimal branch of the ophthalmic nerve 
[Vi]. 


Supratrochlear artery and vein 


Supra-orbital artery and vein 


Lacrimal artery 


Superficial 
temporal 
artery and vein 


Transverse facial 
artery 





Infra-orbital artery 
Angular artery and vein 


Fig. 8.75 Vasculature of the eyelids. 
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Fig. 8.77 Lacrimal gland, anterior view. 


Secretomotor (parasympathetic) 
innervation 


Secretomotor fibers from the parasympathetic part of the 
autonomic division of the PNS stimulate fluid secretion 
from the lacrimal gland. These preganglionic parasympa- 
thetic neurons leave the CNS in the facial nerve [VII], enter 
the greater petrosal nerve (a branch of the facial nerve 
[VII]), and continue with this nerve until it becomes the 
nerve of the pterygoid canal (Fig. 8.81). 

The nerve of the pterygoid canal eventually joins the 
pterygopalatine ganglion where the preganglionic para- 
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Fig. 8.76 Innervation of the eyelids. 
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Fig. 8.78 Lacrimal gland and levator palpebrae superioris. 


sympathetic neurons synapse on postganglionic parasym- 
pathetic neurons. The postganglionic neurons join the 
maxillary nerve [V] and continue with it until the zygo- 
matic nerve branches from it, and travel with the zygo- 
matic nerve until it gives off the zygomaticotemporal nerve, 
which eventually distributes postganglionic parasympa- 
thetic fibers in a small branch that joins the lacrimal nerve. 
The lacrimal nerve passes to the lacrimal gland. 
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Fig. 8.79 Formation of the lacrimal sac. 
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Fig. 8.81 Innervation of the lacrimal gland. 


Sympathetic innervation 


Sympathetic innervation of the lacrimal gland follows a 
similar path as parasympathetic innervation. Postgangli- 
onic sympathetic fibers originating in the superior cervical 
ganglion travel along the plexus surrounding the internal 
carotid artery (Fig. 8.81). They leave this plexus as the 
deep petrosal nerve and join the parasympathetic fibers in 
the nerve of the pterygoid canal. Passing through the 
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Fig. 8.80 Position of lacrimal sac. 
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pterygopalatine ganglion, the sympathetic fibers from this 
point onward follow the same path as the parasympathetic 
fibers to the lacrimal gland. 


Vessels 


The arterial supply to the lacrimal gland is by branches 
from the ophthalmic artery and venous drainage is through 
the ophthalmic veins. 





Fissures and foramina 


Numerous structures enter and leave the orbit through a 
variety of openings (Fig. 8.82). 
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Fig. 8.82 Openings into the bony orbit. 
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Fig. 8.83 Optic canal and superior orbital fissure. 





Optic canal 


When the bony orbit is viewed from an anterolateral posi- 
tion, the round opening at the apex of the pyramidal- 
shaped orbit is the optic canal, which opens into the middle 
cranial fossa and is bounded medially by the body of the 
sphenoid and laterally by the lesser wing of the sphenoid. 
Passing through the optic canal are the optic nerve and the 
ophthalmic artery (Fig. 8.83). 


Superior orbital fissure 


Just lateral to the optic canal is a triangular-shaped gap 
between the roof and lateral wall of the bony orbit. This is 
the superior orbital fissure and allows structures to pass 
between the orbit and the middle cranial fossa (Fig. 
8.82). 

Passing through the superior orbital fissure are the 
superior and inferior branches of the oculomotor nerve 
[III], the trochlear nerve [IV], the abducent nerve [VI], the 
lacrimal, frontal, and nasociliary branches of the ophthal- 
mic nerve [V,], and the superior ophthalmic vein (Fig. 
8.83). 


Inferior orbital fissure 


Separating the lateral wall of the orbit from the floor of the 
orbit is a longitudinal opening, the inferior orbital fissure 
(Fig. 8.82). Its borders are the greater wing of the sphenoid 
and the maxilla, palatine, and zygomatic bones. This long 
fissure allows communication between: 


Trochlear nerve [IV] 
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the orbit and the pterygopalatine fossa posteriorly; 

= the orbit and the infratemporal fossa in the middle; 
and 

= the orbit and the temporal fossa posterolaterally. 


Passing through the inferior orbital fissure are the max- 
illary nerve |V] and its zygomatic branch, the infra-orbital 
vessels, and a vein communicating with the pterygoid 
plexus of veins. 


Infra-orbital foramen 


Beginning posteriorly and crossing about two-thirds of the 
inferior orbital fissure, a groove (the infra-orbital groove) 
is encountered, which continues anteriorly across the 
floor of the orbit (Fig. 8.82). This groove connects with 
the infra-orbital canal that opens onto the face at the 
infra-orbital foramen. 

The infra-orbital nerve, a branch of the maxillary nerve 
[V,], and vessels pass through this structure as they exit 
onto the face. 


Other openings 


Associated with the medial wall of the bony orbit are 
several smaller openings (Fig. 8.82). 

The anterior and posterior ethmoidal foramina are 
at the junction between the superior and medial walls. 
These openings provide exits from the orbit into the 
ethmoid bone for the anterior and posterior ethmoidal 
nerves and vessels. 

Completing the openings on the medial wall is a canal 
in the lower part of the wall anteriorly. Clearly visible is the 
depression for the lacrimal sac formed by the lacrimal bone 
and the frontal process of the maxilla. This depression is 
continuous with the nasolacrimal canal, which leads to 
the inferior nasal meatus. Contained within the nasolacri- 
mal canal is the nasolacrimal duct, a part of the lacrimal 
apparatus. 


Fascial specializations 
Periorbita 


The periosteum lining the bones that form the orbit is the 
periorbita (Fig. 8.84). It is continuous at the margins of 
the orbit with the periosteum on the outer surface of the 
skull and sends extensions into the upper and lower eyelids 
(the orbital septa). 

At the various openings where the orbit communicates 
with the cranial cavity the periorbita is continuous with 
the periosteal layer of dura mater. In the posterior part of 
the orbit, the periorbita thickens around the optic canal 
and the central part of the superior orbital fissure. This is 
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Fig. 8.84 Periorbita. A. Lateral view. B. Common tendinous ring. 


the point of origin of the four rectus muscles and is the 
common tendinous ring. 


Fascial sheath of the eyeball 


The fascial sheath of the eyeball (bulbar sheath) is a 
layer of fascia that encloses a major part of the eyeball 
(Figs. 8.85 and 8.86): 


= posteriorly, it is firmly attached to the sclera (the white 
part of the eyeball) around the point of entrance of the 
optic nerve into the eyeball: 
= anteriorly, it is firmly attached to the sclera near the 
edge of the cornea (the clear part of the eyeball); 
additionally, as the muscles approach the eyeball, the 
investing fascia surrounding each muscle blends with 
the fascial sheath of the eyeball as the muscles pass 
through and continue to their point of attachment. 


A specialized lower part of the fascial sheath of the 
eyeball is the suspensory ligament (Figs. 8.85 and 8.86), 
which supports the eyeball. This “sling-like” structure is 
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Fig. 8.85 Fascial sheath of the eyeball. 
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Fig. 8.86 Check ligaments. A. Anterior view. B. Superior view. 


made up of the fascial sheath of the eyeball and contribu- 
tions from the two inferior ocular muscles and the medial 
and lateral ocular muscles. 


Check ligaments of the medial and 
lateral rectus muscles 


Other fascial specialization in the orbit are the check liga- 
ments (Fig. 8.86). These are expansions of the investing 
fascia covering the medial and lateral rectus muscles, 
which attach to the medial and lateral walls of the bony 
orbit: 


= the medial check ligament is an extension from the 
fascia covering the medial rectus muscle and attaches 
immediately posterior to the posterior lacrimal crest of 
the lacrimal bone; 

= the lateral check ligament is an extension from the 
fascia covering the lateral rectus muscle and is attached 
to the orbital tubercle of the zygomatic bone. 


Functionally, the positioning of these ligaments seems 
to restrict the medial and lateral rectus muscles, thus the 
names of the fascial specializations. 


Muscles 


There are two groups of muscles within the orbit: 


= extrinsic muscles ofeyeball (extra-ocular muscles) 
involved in movements of the eyeball or raising upper 
eyelids; 

= intrinsic muscles within the eyeball, which control the 
shape of the lens and size of the pupil. 


The extrinsic muscles include the levator palpebrae 
superioris, superior rectus, inferior rectus, medial rectus, 
lateral rectus, superior oblique, and inferior oblique. 

The intrinsic muscles include the ciliary muscle, the 
sphincter pupillae, and the dilator pupillae. 


Extrinsic muscles 


Of the seven muscles in the extrinsic group of muscles, one 
raises the eyelids, whereas the other six move the eyeball 
itself (Table 8.8). 

The movements of the eyeball, in three dimensions, 
(Fig. 8.87) are: 


elevation—moving the pupil superiorly; 
depression—moving the pupil inferiorly; 
abduction—moving the pupil laterally; 
adduction—moving the pupil medially; 
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Table 8.8 Extrinsic (extra-ocular) muscles 


Muscle Origin Insertion Innervation Function 
Levator palpebrae Lesser wing of sphenoid Anterior surface of tarsal plate; a few Oculomotor nerve [IlI— Elevation of upper eyelid 
superioris anterior to optic canal fibers to skin and superior superior branch 


conjunctival fornix 


Superior rectus Superior part of common Anterior half of eyeball superiorly Oculomotor nerve [III]— Elevation, adduction, 
tendinous ring superior branch medial rotation of eyeball 

Inferior rectus Inferior part of common Anterior half of eyeball inferiorly Oculomotor nerve [III]— | Depression, adduction, 
tendinous ring superior branch lateral rotation of eyeball 

Medial rectus Medial part of common Anterior half of eyeball medially Oculomotor nerve [III]— | Adduction of eyeball 
tendinous ring inferior branch 

Lateral rectus Lateral part of common Anterior half of eyeball laterally Abducent nerve [VI] Abduction of eyeball 


tendinous ring 


Superior oblique Body of sphenoid, superior Outer posterior quadrant of eyeball = Trochlear nerve [IV] Depression, abduction, 
and medial to optic canal (superior surface) medial rotation of eyeball 
Inferior oblique Medial floor of orbit posterior Outer posterior quadrant of eyeball © Oculomotor nerve [IlI]— | Elevation, adduction, 
to rim; maxilla lateral to (superior surface) inferior branch lateral rotation of eyeball 
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Fig. 8.87 Movements of the eyeball. Fig. 8.88 Axes of the eyeball and orbit. 


internal rotation (intorsion)—rotating the upper partof effects on the movement of the eyeball, whereas that of 


the pupil medially (or toward the nose); and others has a single effect. 
external rotation (extorsion)—rotating the upper part ee 
of the pupil laterally (or toward the temple). Levator palpebrae superioris 


Levator palpebrae superioris raises the upper eyelid (Table 
The axis of each orbit is directed slightly laterally from 8.8). It is the most superior muscle in the orbit, originating 
back to front, but each eyeball is directed anteriorly (Fig. from the roof, just anterior to the optic canal on the inferior 


8.88). Therefore the pull of some muscles has multiple surface of the lesser wing of the sphenoid (Fig. 8.89B). Its 
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Fig. 8.89 Muscles of the eyeball. A. Superior view. B. Lateral view. C. Coronal magnetic resonance image through the eye. 


primary point of insertion is into the anterior surface of the 
superior tarsus, but a few fibers also attach to the skin of 
the upper eyelid and the superior conjunctival fornix. 

Innervation is by the superior branch of the oculomotor 
nerve [III]. 

Contraction of the levator palpebrae superioris raises 
the upper eyelid. 

A unique feature of levator palpebrae superioris is that 
a collection of smooth muscle fibers passes from its inferior 


surface to the upper edge of the superior tarsus (Fig. 8.71). 
This group of smooth muscle fibers (the superior tarsal 
muscle) help maintain eyelid elevation and are innervated 
by postganglionic sympathetic fibers from the superior cer- 
vical ganglion. 

Loss of oculomotor nerve [III] function results in com- 
plete ptosis or drooping of the superior eyelid, whereas loss 
of sympathetic innervation to the superior tarsal muscle 
results in partial ptosis. 
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Rectus muscles As these muscles pass forward in the orbit to attach to 


Four rectus muscles occupy medial, lateral, inferior, and the anterior half of the eyeball, they are also directed later- 
superior positions as they pass from their origins posteri- ally (Fig. 8.89). Because of these orientations: 

orly to their points of attachment on the anterior half of 

the eyeball (Fig. 8.89 and Table 8.8). They originate as a = contraction of the superior rectus elevates, adducts, 


group from a common tendinous ring at the apex of the and internally rotates the eyeball (Fig. 8.91A); 
orbit and form a cone of muscles as they pass forward to = contraction of the inferior rectus depresses, adducts, 
their attachment on the eyeball. and externally rotates the eyeball (Fig. 8.91A). 


Superior and inferior rectus muscles 


The superior and inferior rectus muscles have complicated 
actions because the apex of the orbit, where the muscles 
originate, is medial to the central axis of the eyeball when 
looking directly forward: 


= the superior rectus originates from the superior part 
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The superior branch of the oculomotor nerve [III] 
innervates the superior rectus, and the inferior branch 
of the oculomotor nerve [III] innervates the inferior 
rectus. 

To isolate the function of and to test the superior 
and inferior rectus muscles, a patient is asked to track 
a physician’s finger laterally and then either upward 
or downward (Fig. 8.91B). The first movement brings 
the axis of the eyeball into alignment with the long axis 
of the superior and inferior rectus muscles. Moving 
the finger upward tests the superior rectus muscle and 
moving it downward tests the inferior rectus muscle (Fig. 
8.91B). 


Medial and lateral rectus muscles 


The orientation and actions of the medial and lateral rectus 
muscles are more straightforward than those of the supe- 
rior and inferior rectus muscles. 

The medial rectus originates from the medial part of 
the common tendinous ring medial to and below the optic 
canal, whereas the lateral rectus originates from the 
lateral part of the common tendinous ring as the common 
tendinous ring bridges the superior orbital fissure (Fig. 
8.90). 

The medial and lateral rectus muscles pass forward and 
attach to the anterior half of the eyeball (Fig. 8.89). Con- 
traction of each medial rectus adducts the eyeball, whereas 
contraction of each lateral rectus abducts the eyeball (Fig. 
8.91A). 

The inferior branch of the oculomotor nerve [II] inner- 
vates the medial rectus, and the abducent nerve [VI] inner- 
vates the lateral rectus. 

To isolate the function of and test the medial and lateral 
rectus muscles, a patient is asked to track a physician’s 
finger medially and laterally, respectively, in the horizontal 
plane (Fig. 8.91B). 


Oblique muscles 


The oblique muscles are in the superior and inferior parts 
of the orbit, do not originate from the common tendinous 
ring, are angular in their approaches to the eyeball, and, 
unlike the rectus muscles, attach to the posterior half of the 
eyeball (Table 8.8). 


Superior oblique 


The superior oblique arises from the body of the sphenoid, 
superior and medial to the optic canal and medial to the 
origin of the levator palpebrae superioris (Figs. 8.89 and 
8.90). It passes forward, along the medial border of the roof 
of the orbit, until it reaches a fibrocartilaginous pulley (the 
trochlea), which is attached to the trochlear fovea of the 
frontal bone. 


Regional anatomy ° Orbit 


The tendon of superior oblique passes through the 
trochlea and turns laterally to cross the eyeball in a pos- 
terolateral direction. It continues deep to the superior 
rectus muscle and inserts into the outer posterior quadrant 
of the eyeball. 

Contraction of the superior oblique therefore directs the 
pupil down and out (Fig. 8.91A). 

The trochlear nerve [IV] innervates the superior oblique 
along its superior surface. 

To isolate the function of and to test the superior oblique 
muscle, a patient is asked to track a physician’s finger 
medially to bring the axis of the tendon of the muscle into 
alignment with the axis of the eyeball, and then to look 
down, which tests the muscle (Fig. 8.91B). 


Inferior oblique 


The inferior oblique is the only extrinsic muscle that does 
not take origin from the posterior part of the orbit. It arises 
from the medial side of the floor of the orbit, just posterior 
to the orbital rim, and is attached to the orbital surface of 
the maxilla just lateral to the nasolacrimal groove (Fig. 
8.89). 

The inferior oblique crosses the floor of the orbit in a 
posterolateral direction between the inferior rectus and the 
floor of the orbit, before inserting into the outer posterior 
quadrant just under the lateral rectus. 

Contraction of the inferior oblique directs the pupil up 
and out (Fig. 8.91A). 

The inferior branch of the oculomotor nerve innervates 
the inferior oblique. 

To isolate the function of and to test the inferior oblique 
muscle, a patient is asked to track a physician’s finger 
medially to bring the axis of the eyeball into alignment 
with the axis of the muscle and then to look up, which tests 
the muscle (Fig. 8.91B). 


Extrinsic muscles and 
eyeball movements 


Six of the seven extrinsic muscles of the orbit are directly 
involved in movements of the eyeball. 

For each of the rectus muscles, the medial, lateral, infe- 
rior, and superior, and the superior and inferior obliques, 
a specific action or group of actions can be described (Table 
8.8). However, these muscles do not act in isolation. They 
work as teams of muscles in the coordinated movement of 
the eyeball to position the pupil as needed. 

For example, although the lateral rectus is the muscle 
primarily responsible for moving the eyeball laterally, it is 
assisted in this action by the superior and inferior oblique 
muscles. 
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In the clinic 


Examination of the eye 

Examination of the eye includes assessment of the visual 
capabilities, the extrinsic musculature and its function, 
and disease processes that may affect the eye in isolation 
or as part of the systemic process. 

Examination of the eye includes tests for visual acuity, 
astigmatism, visual fields, and color interpretation (to 
exclude color blindness) in a variety of circumstances. The 
physician also assesses the retina, the optic nerve and its 
coverings, the lens, and the cornea. 

The extrinsic muscles are supplied by the abducent 
nerve [VI], the trochlear nerve [IV], and the oculomotor 
nerve [III]. 

The extrinsic muscles work synergistically to provide 
appropriate and conjugate eye movement: 


= lateral rectus—abducent nerve [VI]; 
= superior oblique—trochlear nerve [IV]; 
= remainder—oculomotor nerve [III]. 


The eye may be affected in systemic diseases. Diabetes 
mellitus typically affects the eye and may cause cataracts, 
macular disease, and retinal hemorrhage, all impairing 
vision. 

Occasionally unilateral paralysis of the extra-ocular 
muscles occurs, and is due to brainstem injury or direct 


Vessels 
Arteries 


The arterial supply to the structures in the orbit, including 
the eyeball, is by the ophthalmic artery (Fig. 8.90). This 
vessel is a branch of the internal carotid artery, given off 
immediately after the internal carotid artery leaves the 
cavernous sinus. The ophthalmic artery passes into the 
orbit through the optic canal with the optic nerve. 

In the orbit the ophthalmic artery initially lies inferior 
and lateral to the optic nerve (Fig. 8.92). As it passes 
forward in the orbit, it crosses superior to the optic nerve 
and proceeds anteriorly on the medial side of the orbit. 

In the orbit the ophthalmic artery gives off numerous 
branches as follows: 


€ the lacrimal artery, which arises from the ophthalmic 
artery on the lateral side of the optic nerve, and passes 
anteriorly on the lateral side of the orbit, supplying the 
lacrimal gland, muscles, the anterior ciliary branch to 
the eyeball, and the lateral sides of the eyelid; 


nerve injury, which may be associated with tumor 
compression or trauma. The paralysis of a muscle is easily 
demonstrated when the patient attempts to move the eye 
in the direction associated with normal action of that 
muscle. Typically the patient complains of double vision 
(diplopia). 


Loss of innervation of the muscles around the eye 

Loss of innervation of the orbicularis oculi by the facial 
nerve [VII] causes an inability to close the eyelids tightly, 
allowing the lower eyelid to droop away causing spillage 
of tears. This loss of tears allows drying of the conjunctiva, 
which may ulcerate, so allowing secondary infection. 

Loss of innervation of the levator palpebrae superioris 
by oculomotor nerve [III] damage causes an inability of 
the superior eyelid to elevate, producing a ptosis. Usually, 
oculomotor nerve [Ill] damage is caused by severe head 
injury. 

Loss of innervation of the superior tarsal muscle by 
sympathetic fibers causes a constant partial ptosis. Any 
lesion along the sympathetic trunk can induce this. An 
apical pulmonary malignancy should always be suspected 
because the ptosis may be part of Horner’s syndrome (see 
p. 882). 
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Fig. 8.92 Arterial supply to the orbit and eyeball. 


= the central retinal artery, which enters the optic 
nerve, proceeds down the center of the nerve to the 
retina, and is clearly seen when viewing the retina with 
an ophthalmoscope—occlusion of this vessel or of the 
parent artery leads to blindness; 

= the long and short posterior ciliary arteries, 
which are branches that enter the eyeball posteriorly, 
piercing the sclera, and supplying structures inside the 
eyeball; 

= the muscular arteries, which are branches supplying 
the intrinsic muscles of the eyeball; 

= the supra-orbital artery, which usually arises 
from the ophthalmic artery immediately after it has 
crossed the optic nerve, proceeds anteriorly, and exits 
the orbit through the supra-orbital foramen with the 
supra-orbital nerve—it supplies the forehead and scalp 
as it passes across these areas to the vertex of the 
skull; 

= the posterior ethmoidal artery, which exits the orbit 
through the posterior ethmoidal foramen to supply the 
ethmoidal cells and nasal cavity; 

= the anterior ethmoidal artery, which exits the orbit 
through the anterior ethmoidal foramen, enters the 
cranial cavity giving off the anterior meningeal branch, 
and continues into the nasal cavity supplying the 
septum and lateral wall, and ending as the dorsal nasal 
artery; 

= the medial palpebral arteries, which are small 
branches supplying the medial area of the upper and 
lower eyelids; 

= the dorsal nasal artery, which is one of the two ter- 
minal branches of the ophthalmic artery, leaves the 
orbit to supply the upper surface of the nose; 

= the supratrochlear artery, which is the other termi- 
nal branch of the ophthalmic artery and leaves the orbit 
with the supratrochlear nerve, supplying the forehead 
as it passes across it in a superior direction. 


Veins 


There are two venous channels in the orbit, the superior 
and inferior ophthalmic veins (Fig. 8.93). 

The superior ophthalmic vein begins in the anterior 
area of the orbit as connecting veins from the supra-orbital 
vein and the angular vein join together. It passes across the 
superior part of the orbit, receiving tributaries from the 
companion veins to the branches of the ophthalmic artery 
and veins draining the posterior part of the eyeball. Poste- 
riorly, it leaves the orbit through the superior orbital fissure 
and enters the cavernous sinus. 

The inferior ophthalmic vein is smaller than the 
superior ophthalmic vein, begins anteriorly, and passes 
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Fig. 8.93 Venous drainage of the orbit and eyeball. 


across the inferior part of the orbit. It receives various trib- 
utaries from muscles and the posterior part of the eyeball 
as it crosses the orbit. 

The inferior ophthalmic vein leaves the orbit posteriorly 
by: 


joining with the superior ophthalmic vein; 
passing through the superior orbital fissure on its own 
to join the cavernous sinus; or 

= passing through the inferior orbital fissure to join 
with the pterygoid plexus of veins in the infratemporal 
fossa. 


Because the ophthalmic veins communicate with the 
cavernous sinus, they act as a route by which infections 
can spread from outside to inside the cranial cavity. 


Innervation 


Numerous nerves pass into the orbit and innervate struc- 
tures within its bony walls. They include the optic nerve 
[II], the oculomotor nerve [III], the trochlear nerve [IV], 
the abducent nerve [VI], and autonomic nerves. Other 
nerves such as the ophthalmic nerve [V, | innervate orbital 
structures and then travel out of the orbit to innervate 
other regions. 
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Optic nerve 


The optic nerve [II] is not a true cranial nerve, but rather 
an extension of the brain carrying afferent fibers from the 
retina of the eyeball to the visual centers of the brain. The 
optic nerve is surrounded by the cranial meninges, includ- 
ing the subarachnoid space, which extend as far forward 
as the eyeball. 

Any increase in intracranial pressure therefore results 
in increased pressure in the subarachnoid space surround- 
ing the optic nerve. This may impede venous return along 
the retinal veins, causing edema of the optic disc (papill- 
edema), which can be seen when the retina is examined 
using an ophthalmoscope. 

The optic nerve leaves the orbit through the optic canal 
(Fig. 8.94). It is accompanied in the optic canal by the 
ophthalmic artery. 


Oculomotor nerve 


The oculomotor nerve [III] leaves the anterior surface of 
the brainstem between the midbrain and the pons. It passes 
forward in the lateral wall of the cavernous sinus. 

Just before entering the orbit the oculomotor nerve [III] 
divides into superior and inferior branches (Fig. 8.95). 
These branches enter the orbit through the superior orbital 
fissure, lying within the common tendinous ring (Fig. 
8.94). 

Inside the orbit the small superior branch passes upward 
over the lateral side of the optic nerve to innervate the 
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Fig. 8.94 Innervation of the orbit and eyeball. 


superior rectus and levator palpebrae superioris muscles 
(Fig. 8.95). 
The large inferior branch divides into three branches: 


one passing below the optic nerve as it passes to the 
medial side of the orbit to innervate the medial rectus 
muscle; 

a second descending to innervate the inferior rectus 
muscle; 

= the third descends as it runs forward along the floor of 
the orbit to innervate the inferior oblique muscle (Fig. 
8.95). 


As the third branch descends, it gives off the branch to 
the ciliary ganglion. This is the parasympathetic root to 
the ciliary ganglion and carries preganglionic parasympa- 
thetic fibers that will synapse in the ciliary ganglion with 
postganglionic parasympathetic fibers. The postganglionic 
fibers are distributed to the eyeball through short ciliary 
nerves and innervate the sphincter pupillae and ciliary 
muscles. 


Trochlear nerve 


The trochlear nerve [IV] arises from the posterior surface 
of the midbrain, and passes around the midbrain to enter 
the edge of the tentorium cerebelli. It continues on an 
intradural path arriving in and passing through the lateral 
wall of the cavernous sinus just below the oculomotor 
nerve [III]. 

Just before entering the orbit, the trochlear nerve 
ascends, passing across the oculomotor nerve [III] and 
enters the orbit through the superior orbital fissure above 
the common tendinous ring (Fig. 8.94). In the orbit the 
trochlear nerve [IV] ascends and turns medially, crossing 
above the levator palpebrae superioris muscle to enter the 
upper border of the superior oblique muscle (Fig. 8.96). 
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Fig. 8.95 Oculomotor nerve [III] and its divisions. 


Abducent nerve 


The abducent nerve [VI] arises from the brainstem between 
the pons and medulla. It enters the dura covering the clivus 
and continues in a dural canal until it reaches the cavern- 
ous sinus. 

The abducent nerve enters the cavernous sinus and 
runs through the sinus lateral to the internal carotid artery. 
It passes out of the sinus and enters the orbit through the 
superior orbital fissure within the common tendinous ring 
(Fig. 8.94). Once in the orbit it courses laterally to supply 
the lateral rectus muscle. 


Postganglionic sympathetic fibers 


Preganglionic sympathetic fibers arise from the upper seg- 
ments of the thoracic spinal cord, mainly T1. They enter 
the sympathetic chain through white rami communican- 
tes, and ascend to the superior cervical ganglion where 
they synapse with postganglionic sympathetic fibers. 

The postganglionic fibers are distributed along the inter- 
nal carotid artery and its branches. 

The postganglionic sympathetic fibers destined for the 
orbit travel with the ophthalmic artery. Once in the orbit 
the fibers are distributed to the eyeball either by: 
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Fig. 8.96 Trochlear nerve [IV] in the orbit. 





= passing through the ciliary ganglion, without synaps- 
ing, and joining the short ciliary nerves, which pass 
from the ganglion to the eyeball; or 

= passing through long ciliary nerves to reach the 
eyeball. 


In the eyeball postganglionic sympathetic fibers inner- 
vate the dilator pupillae muscle. 


Ophthalmic nerve [V,] 


The ophthalmic nerve [V,] is the smallest and most supe- 
rior of the three divisions of the trigeminal nerve. This 
purely sensory nerve receives input from structures in the 
orbit and from additional branches on the face and scalp. 
Leaving the trigeminal ganglion, the ophthalmic nerve 
[V,| passes forward in the lateral wall of the cavernous 
sinus inferior to the trochlear [IV] and oculomotor [III] 
nerves. Just before it enters the orbit it divides into three 
branches—the nasociliary, lacrimal, and frontal nerves 
(Fig. 8.97). These branches enter the orbit through the 
superior orbital fissure with the frontal and lacrimal nerves 
outside the common tendinous ring, and the nasociliary 
nerve within the common tendinous ring (Fig. 8.94). 
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Fig. 8.97 Ophthalmic nerve [V,] and its divisions. 895 
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Lacrimal nerve 


The lacrimal nerve is the smallest of the three branches of 
the ophthalmic nerve [V,]. Once in the orbit it passes 
forward along the upper border of the lateral rectus muscle 
(Fig. 8.98). It receives a branch from the zygomaticotem- 
poral nerve, which carries parasympathetic and sympa- 
thetic postganglionic fibers for distribution to the lacrimal 
gland. 

Reaching the anterolateral aspect of the orbit, the lacri- 
mal nerve supplies the lacrimal gland, conjunctiva, and 
lateral part of the upper eyelid. 
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Fig. 8.98 Relationship of the ophthalmic nerve [V,] and its 
divisions to the muscles of the eyeball. 


Frontal nerve 


The frontal nerve is the largest branch of the ophthalmic 
nerve [V,| and receives sensory input from areas outside 
the orbit. Exiting the superior orbital fissure, this branch 
passes forward between the levator palpebrae superioris 
and the periorbita on the roof of the orbit (Fig. 8.94). About 
midway across the orbit it divides into its two terminal 
branches—the supra-orbital and supratrochlear nerves 
(Figs. 8.97 and 8.98): 


= the supratrochlear nerve continues forward in an 
anteromedial direction, passing above the trochlea, 
exits the orbit medial to the supra-orbital foramen, and 
supplies the conjunctiva and skin of the upper eyelid 
and the skin on the lower medial part of the forehead; 


= thesupra-orbital nerve is the larger of the two branches, 
continues forward, passing between the levator palpe- 
brae superioris muscle and the periorbita covering the 
roof of the orbit (Fig. 8.98), exits the orbit through the 
supra-orbital notch and ascends across the forehead 
and scalp, supplying the upper eyelid and conjunctiva, 
the forehead, and as far posteriorly as the middle of the 
scalp. 


Nasociliary nerve 


The nasociliary nerve is intermediate in size between the 
frontal and lacrimal nerves and is usually the first branch 
from the ophthalmic nerve (Fig. 8.97). It is most deeply 
placed in the orbit, entering the area within the common 
tendinous ring between the superior and inferior branches 
of the oculomotor nerve [III] (Fig. 8.94). 

Once in the orbit, the nasociliary nerve crosses the supe- 
rior surface of the optic nerve as it passes in a medial direc- 
tion below the superior rectus muscle (Figs. 8.97 and 
8.99). Its first branch, the communicating branch with 
the ciliary ganglion (sensory root to the ciliary gan- 
glion), is given off early in its path through the orbit. 

The nasociliary nerve continues forward along the 
medial wall of the orbit, between the superior oblique and 
the medial rectus muscles, giving off several branches. 
These include: 


= the long ciliary nerves, which are sensory to the 
eyeball but may also contain sympathetic fibers for 
pupillary dilation; 

= the posterior ethmoidal nerve, which exits the orbit 
through the posterior ethmoidal foramen to supply pos- 
terior ethmoidal cells and the sphenoidal sinus; 

= the infratrochlear nerve, which distributes to the 
medial part of the upper and lower eyelids, the lacrimal 
sac, and skin of the upper half of the nose; and 

= the anterior ethmoidal nerve, which exits the orbit 
through the anterior ethmoidal foramen to supply the 
anterior cranial fossa, nasal cavity, and skin of the 
lower half of the nose (Figs. 8.97 and 8.99). 


Ciliary ganglion 

The ciliary ganglion is a parasympathetic ganglion of the 
oculomotor nerve [III]. It is associated with the nasociliary 
branch of the ophthalmic nerve [V,] and is the site 
where preganglionic and postganglionic parasympathetic 
neurons synapse as fibers from this part of the autonomic 
division of the PNS make their way to the eyeball. The 
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Fig. 8.99 Course of the nasociliary nerve [V,] in the orbit. 





ciliary ganglion is also traversed by postganglionic 
sympathetic fibers and sensory fibers as they travel to 
the eyeball. 

The ciliary ganglion is a very small ganglion, in the 
posterior part of the orbit immediately lateral to the optic 
nerve and between the optic nerve and the lateral rectus 
muscle (Fig. 8.99). It is usually described as receiving at 
least two, and possibly three, branches or roots from other 
nerves in the orbit. 


Parasympathetic root 


As the inferior branch of the oculomotor nerve [III] passes 
the area of the ciliary ganglion, it sends a branch to the 
ganglion (the parasympathetic root). The parasympathetic 
branch carries preganglionic parasympathetic fibers, 
which enter the ganglion and synapse with postganglionic 
parasympathetic fibers within the ganglion (Fig. 8.100). 

The postganglionic parasympathetic fibers leave the 
ganglion through short ciliary nerves, which enter the 
posterior aspect of the eyeball around the optic nerve. 

In the eyeball the parasympathetic fibers innervate: 


= the sphincter pupillae muscle, responsible for pupillary 
constriction; and 

= the ciliary muscle, responsible for accommodation of 
the lens of the eye for near vision. 


Sensory root 


A second branch (the sensory root), passes from the naso- 
ciliary nerve to the ganglion (Fig. 8.100). This branch 
enters the posterosuperior aspect of the ganglion, and 
carries sensory fibers, which pass through the ganglion 
and continue along the short ciliary nerves to the eyeball. 
These fibers are responsible for sensory innervation to all 
parts of the eyeball. 
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Sympathetic root 


The third branch to the ciliary ganglion is the most vari- 
able. This branch, when present, is the sympathetic root 
and contains postganglionic sympathetic fibers from the 
superior cervical ganglion (Fig. 8.100). These fibers travel 
up the internal carotid artery, leave the plexus surround- 
ing the artery in the cavernous sinus, and enter the orbit 
through the common tendinous ring. In the orbit they 
enter the posterior aspect of the ciliary ganglion, cross the 
ganglion, and continue along the short ciliary nerves to 
the eyeball. 

Sympathetic fibers to the eyeball may not enter the gan- 
glion as a separate branch. The postganglionic sympathetic 
fibers may leave the plexus associated with the internal 
carotid artery in the cavernous sinus, join the ophthalmic 
nerve [V,| and distribute to the ciliary ganglion through 
the sensory root from the nasociliary nerve. 

Whatever their path, postganglionic sympathetic fibers 
reach the eyeball and innervate the dilator pupillae 
muscle. 
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Fig. 8.101 Eyeball. 


Eyeball 


The globe-shaped eyeball occupies the anterior part of the 
orbit. Its rounded shape is disrupted anteriorly, where it 
bulges outward. This outward projection represents about 
one-sixth of the total area of the eyeball and is the trans- 
parent cornea (Fig. 8.101). 

Posterior to the cornea and in order from front to back 
are the anterior chamber, the iris and pupil, the posterior 
chamber, the lens, the postremal (vitreous) chamber, and 
the retina. 


Anterior and posterior chambers 


The anterior chamber is the area directly posterior to the 
cornea and anterior to the colored part of the eye (iris). 
The central opening in the iris is the pupil. Posterior to the 
iris and anterior to the lens is the smaller posterior 
chamber. 

The anterior and posterior chambers are continuous 
with each other through the pupillary opening. They are 
filled with a fluid (aqueous humor), which is secreted into 
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the posterior chamber, flows into the anterior chamber 
through the pupil, and is absorbed into the scleral venous 
sinus (the canal of Schlemm), which is a circular venous 
channel at the junction between the cornea and the iris 
(Fig. 8.101). 

The aqueous humor supplies nutrients to the avascular 
cornea and lens and maintains the intra-ocular pressure. 
If the normal cycle of its production and absorption is dis- 
turbed so that the amount of fluid increases, intra-ocular 
pressure will increase. This condition (glaucoma) can lead 
to a variety of visual problems. 


Lens and vitreous humor 


The lens separates the anterior one-fifth of the eyeball 
from the posterior four-fifths (Fig. 8.101). It is a transpar- 
ent, biconvex elastic disc attached circumferentially to 
muscles associated with the outer wall of the eyeball. This 
lateral attachment provides the lens with the ability to 
change its refractive ability to maintain visual acuity. The 
clinical term for opacity of the lens is a cataract. 

The posterior four-fifths of the eyeball, from the lens to 
the retina, is occupied by the postremal (vitreous) chamber 
(Fig. 8.101). This segment is filled with a transparent, 
gelatinous substance—the vitreous body (vitreous 
humor). This substance, unlike aqueous humor, cannot 
be replaced. 


Walls of the eyeball 


Surrounding the internal components of the eyeball are 
the walls of the eyeball. They consist of three layers: an 
outer fibrous layer, a middle vascular layer, and an inner 
retinal layer (Fig. 8.101). 


= The outer fibrous layer consists of the sclera posteriorly 
and the cornea anteriorly. 


In the clinic 


Glaucoma 

Intraocular pressure will rise if the normal cycle of 
aqueous humor fluid production and absorption is 
disturbed so that the amount of fluid increases. This 
condition is glaucoma and can lead to a variety of visual 
problems including blindness, which results from 
compression of the retina and its blood supply. 


= The middle vascular layer consists of the choroid pos- 
teriorly and is continuous with the ciliary body and iris 
anteriorly. 

= The inner layer consists of the optic part of the retina 
posteriorly and the nonvisual retina that covers the 
internal surface of the ciliary body and iris anteriorly. 


Vessels 
Arterial supply 


The arterial supply to the eyeball is from several sources: 


= theshort posterior ciliary arteries are branches from the 
ophthalmic artery that pierce the sclera around the 
optic nerve and enter the choroid layer (Fig. 8.101); 

= the long posterior ciliary arteries, usually two, enter the 
sclera on the medial and lateral sides of the optic nerve 
and proceed anteriorly in the choroid layer to anasto- 
mose with the anterior ciliary arteries; 

= the anterior ciliary arteries are branches of the arteries 
supplying the muscles (Fig. 8.101)—as the muscles 
attach to the sclera, these arteries pierce the sclera to 
anastomose with the long posterior ciliary arteries in 
the choroid layer; 

= the central retinal artery that has traversed the optic 
nerve and enters the area of the retina at the optic disc. 


Venous drainage 


Venous drainage of the eyeball is primarily related to drain- 
age of the choroid layer. Four large veins (the vorticose 
veins) are involved in this process. They exit through the 
sclera from each of the posterior quadrants of the eyeball 
and enter the superior and inferior ophthalmic veins. There 
is also a central retinal vein accompanying the central 
retinal artery. 


In the clinic 


Cataracts 

With increasing age and in certain disease states the 
lens of the eye becomes opaque. Increasing opacity 
results in increasing visual impairment. A common 
operation is excision of the cloudy lens and 
replacement with a new man-made lens. 
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In the clinic 


Ophthalmoscopy 
Direct visualization of the postremal (vitreous) chamber of 
the eye is possible in most clinical settings. It is achieved 
using an ophthalmoscope, which is a small battery- 
operated light with a tiny lens that allows direct 
visualization of the postremal (vitreous) chamber and the 
posterior wall of the eye through the pupil and the lens. It 
is sometimes necessary to place a drug directly onto the 
eye to dilate the pupil for better visualization. 

The optic nerve is easily seen. The typical four branches 
of the retinal artery and the fovea are also seen. 

Using ophthalmoscopy the physician can look for 
diseases of the optic nerve, vascular abnormalities, and 
changes within the retina (Fig. 8.102). 


Fibrous layer of the eyeball 


The fibrous layer of the eyeball consists of two compo- 
nents—the sclera covers the posterior and lateral parts of 
the eyeball, about five-sixths of the surface, and the cornea 
covers the anterior part (Fig. 8.101). 


Sclera 


The sclera is an opaque layer of dense connective tissue 
that can be seen anteriorly through its conjunctival cover- 
ing as the “white of the eye.” It is pierced by numerous 
vessels and nerves, including the optic nerve posteriorly 
and provides attachment for the various muscles involved 
in eyeball movements. 

The fascial sheath of the eyeball covers the surface of the 
sclera externally from the entrance of the optic nerve to the 
corneoscleral junction while internally the surface of 
the sclera is loosely attached to the choroid of the vascular 
layer. 


Cornea 


Continuous with the sclera anteriorly is the transparent 
cornea. It covers the anterior one-sixth of the surface of the 
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Fig. 8.102 Ophthalmoscopic view of posterior chamber of the 
right eye. 


eyeball and, being transparent, allows light to enter the 
eyeball. 


Vascular layer of the eyeball 


The vascular layer of the eyeball consists of three continu- 
ous parts—the choroid, the ciliary body, and the iris from 
posterior to anterior (Fig. 8.101). 


Choroid 


The choroid is posterior and represents approximately two- 
thirds of the vascular layer. It is a thin, highly vascular, 
pigmented layer consisting of smaller vessels adjacent to 
the retina and larger vessels more peripherally. It is firmly 
attached to the retina internally and loosely attached to 
the sclera externally. 


Ciliary body 

Extending from the anterior border of the choroid is the 
ciliary body (Fig. 8.101). This triangular-shaped structure, 
between the choroid and the iris, forms a complete ring 
around the eyeball. Its components include the ciliary 
muscle and the ciliary processes (Fig. 8.103). 


The ciliary muscle consists of smooth muscle fibers 
arranged longitudinally, circularly, and radially. Con- 
trolled by parasympathetics traveling to the orbit in the 
oculomotor nerve [III], these muscle fibers, on contraction, 
decrease the size of the ring formed by the ciliary body. 

The ciliary processes are longitudinal ridges project- 
ing from the inner surface of the ciliary body (Fig. 8.103). 
Extending from them are zonular fibers attached to the 
lens of the eyeball, which suspend the lens in its proper 
position and collectively form the suspensory ligament 
of the lens. 

Contraction of the ciliary muscle decreases the size of 
the ring formed by the ciliary body. This reduces tension 
on the suspensory ligament of the lens. The lens therefore 
becomes more rounded (relaxed) resulting in accommoda- 
tion of the lens for near vision. 

Ciliary processes also contribute to the formation of 
aqueous humor. 


Iris 
Completing the vascular layer of the eyeball anteriorly is 


the iris (Fig. 8.101). This circular structure, projecting 
outward from the ciliary body, is the colored part of the eye 
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Fig. 8.103 Ciliary body. 


with a central opening (the pupil). Controlling the size of 
the pupil are smooth muscle fibers within the iris (Fig. 
8.103): 


= fibers arranged in a circular pattern make up the 
sphincter pupillae muscle (Table 8.9), which is inner- 
vated by parasympathetics—contraction of its fibers 
decreases or constricts the pupillary opening; 

= fibers arranged in a radial pattern make up the dilator 
pupillae muscle, which is innervated by sympathet- 
ics—contraction of its fibers increases or dilates the 
pupillary opening. 


Inner layer of the eyeball 


The inner layer of the eyeball is the retina (Fig. 8.101). It 
consists of two parts. Posteriorly and laterally is the optic 
part of the retina, which is sensitive to light, and anteri- 
orly is the nonvisual part, which covers the internal 
surface of the ciliary body and the iris. The junction between 
these parts is an irregular line (the ora serrata). 


Optic part of the retina 


The optic part of the retina consists of two layers, an outer 
pigmented layer and an inner neural layer: 


= the pigmented layer is firmly attached to the choroid 
and continues anteriorly over the internal surface of 
the ciliary body and iris; 

= theneural layer, which can be further subdivided into 
its various neural components, is only attached to the 
pigmented layer around the optic nerve and at the ora 
serrata. 


It is the neural layer that separates in the case of a 
detached retina. 

Several obvious features are visible on the posterior 
surface of the optic part of the retina. 

The optic disc is where the optic nerve leaves the retina 
(Fig. 8.102). It is lighter than the surrounding retina and 
branches of the central retinal artery spread from this point 
outward to supply the retina. As there are no light- 
sensitive receptor cells in the optic disc, it is referred to as 
a blind spot in the retina. 

Lateral to the optic disc a small area with a hint of yel- 
lowish coloration is the macula lutea with its central 
depression, the fovea centralis (Fig. 8.102). This is the 
thinnest area of the retina and visual sensitivity here is 
higher than elsewhere in the retina because it has fewer 
rods (light-sensitive receptor cells that function in dim 
light and are insensitive to color) and more cones (light- 
sensitive receptor cells that respond to bright light and are 
sensitive to color). 
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Table 8.9 Intrinsic muscles of the eye 


Muscle Location Innervation Function 
Ciliary Muscle fibers in the ciliary body Parasympathetics from the oculomotor — Constricts ciliary body, relaxes tension on 
nerve [Ill] lens, lens become more rounded 


Sphincter pupillae  Circularly arranged fibers in the iris = Parasympathetics from the oculomotor — Constricts pupil 
nerve [Ill] 


Dilator pupillae Radially arranged fibers in the iris Sympathetics from the superior cervical  Dilates pupil 
ganglion (T1) 
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Fig. 8.104 Right middle ear. 
EAR = the third part is the internal ear consisting of a series 
——-— of cavities within the petrous part of the temporal bone 
The ear is the organ of hearing and balance. It has three between the middle ear laterally and the internal acous- 
parts (Fig. 8.104): tic meatus medially. 
= the first part is the external ear consisting of the part The internal ear converts the mechanical signals 
attached to the lateral aspect of the head and the canal received from the middle ear, which start as sound cap- 
leading inward; tured by the external ear, into electrical signals to transfer 
= the second part is the middle ear—a cavity in the information to the brain. The internal ear also contains 
petrous part of the temporal bone bounded laterally, receptors that detect motion and position. 


and separated from the external canal, by a membrane 
and connected internally to the pharynx by a narrow 


902 tube; 


External ear 


The external ear consists of two parts. The part projecting 
from the side of the head is the auricle (pinna) and the 
canal leading inward is the external acoustic meatus. 


Auricle 


The auricle is on the side of the head and assists in captur- 
ing sound. It consists of cartilage covered with skin and 
arranged in a pattern of various elevations and depressions 
(Fig. 8.105). 

The large outside rim of the auricle is the helix. It ends 
inferiorly at the fleshy lobule, the only part of the auricle 
not supported by cartilage. 

The hollow center of the auricle is the concha of 
auricle. The external acoustic meatus leaves from the 
depths of this area. 

Just anterior to the opening of the external acoustic 
meatus, in front of the concha, is an elevation (the tragus). 
Opposite the tragus, and above the fleshy lobule, is another 
elevation (the antitragus). A smaller curved rim, parallel 
and anterior to the helix is the antihelix. 


Muscles 


Numerous intrinsic and extrinsic muscles are associated 
with the auricle: 


= the intrinsic muscles pass between the cartilaginous 
parts of the auricle and may change the shape of the 
auricle; 


Concha 
Helix 
Antihelix 
Tragus 
External 
acoustic 
meatus 





Lobule 


Antitragus 


Fig. 8.105 Auricle. 





= the extrinsic muscles, the anterior, superior, and poste- 
rior auricular muscles, pass from the scalp or skull to 
the auricle and may also play a role in positioning of the 
auricle. 


Both groups of muscles are innervated by the facial 
nerve [VII]. 


Innervation 


Sensory innervation of the auricle is from many sources 
(Fig. 8.106): 


= the outer more superficial surfaces of the auricle are 
supplied by the great auricular nerve (anterior and pos- 
terior inferior portions) and the lesser occipital nerve 
(posterior superior portion) from the cervical plexus 
and the auriculotemporal branch of the mandibular 
nerve [V3] (anterior superior portion); 

= the deeper parts of the auricle are supplied by the vagus 
nerve [X] (the auricular branch) and the facial nerve 
[VII] (which sends a branch to the auricular branch of 
the vagus nerve [X]). 


Vessels 


The arterial supply to the auricle is from numerous 
sources. The external carotid artery supplies the posterior 
auricular artery, the superficial temporal artery supplies 
anterior auricular branches, and the occipital artery 
supplies a branch. 

Venous drainage is through vessels following the 
arteries. 
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Fig. 8.106 Sensory innervation of the auricle. 
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Lymphatic drainage of the auricle passes anteriorly into 
parotid nodes and posteriorly into mastoid nodes, and pos- 
sibly into the upper deep cervical nodes. 


External acoustic meatus 


The external acoustic meatus extends from the deepest 
part of the concha to the tympanic membrane (eardrum), 
a distance of approximately 1 inch (2.5 cm) (Fig. 8.107). 
Its walls consist of cartilage and bone. The lateral one-third 
is formed from cartilaginous extensions from some of the 
auricular cartilages and the medial two-thirds is a bony 
tunnel in the temporal bone. 

Throughout its length the external acoustic meatus is 
covered with skin, some of which contains hair and modi- 
fied sweat glands producing cerumen (earwax). Its diam- 
eter varies, being wider laterally and narrow medially. 

The external acoustic meatus does not follow a straight 
course. From the external opening it passes upward in 
an anterior direction, then turns slightly posteriorly still 
passing upward, and finally, turns again in an anterior 
direction with a slight descent. For examination purposes, 
observation of the external acoustic meatus and tympanic 
membrane can be improved by pulling the ear superiorly, 
posteriorly, and slightly laterally. 


Innervation 


Sensory innervation of the external acoustic meatus is 
from several of the cranial nerves. The major sensory input 
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Fig. 8.107 External acoustic meatus. 


travels through branches of the auriculotemporal nerve, a 
branch of the mandibular nerve | V;] (anterior and superior 
walls), and in the auricular branch of the vagus nerve [X] 
(posterior and inferior walls). A minor sensory input may 
also come from a branch of the facial nerve [VII] to the 
auricular branch of the vagus nerve [X]. 


Tympanic membrane 


The tympanic membrane separates the external acoustic 
meatus from the middle ear (Figs. 8.108 and 8.109). It is 
at an angle, sloping medially from top to bottom and pos- 
teriorly to anteriorly. Its lateral surface therefore faces infe- 
riorly and anteriorly. It consists of a connective tissue core 
lined with skin on the outside and mucous membrane on 
the inside. 

Around the periphery of the tympanic membrane a 
fibrocartilaginous ring attaches it to the tympanic part 
of the temporal bone. At its center, a concavity is produced 
by the attachment on its internal surface of the lower end 
of the handle of malleus, part of the malleus bone in the 
middle ear. This point of attachment is the umbo of 
tympanic membrane. 

Anteroinferior to the umbo of tympanic membrane a 
bright reflection of light, referred to as the cone of light, is 
usually visible when examining the tympanic membrane 
with an otoscope. 
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Fig. 8.108 Middle ear. 


Superior to the umbo in an anterior direction is the 
attachment of the rest of the handle of malleus (Fig. 8.109). 
At the most superior extent of this line of attachment a 
small bulge in the membrane marks the position of the 
lateral process of the malleus as it projects against the 
internal surface of the tympanic membrane. Extending 
away from this elevation, on the internal surface of the 
membrane, are the anterior and posterior malleolar 
folds. Superior to these folds the tympanic membrane is 
thin and slack (the pars flaccida), whereas the rest of the 
membrane is thick and taut (the pars tensa). 


Innervation 


Innervation of the external and internal surfaces of the 
tympanic membrane is by several cranial nerves: 


In the clinic 


Examination of the ear 
The ear comprises three components—the external, 
middle, and internal ear. 

Clinical examination is carried out to assess hearing 
and balance. Further examination involves use of an 
otoscope or other imaging techniques. 


External ear 

The external ear is easily examined. The external acoustic 
meatus and the tympanic membrane require otoscopic 
examination (Fig. 8.109B). An otoscope is a device through 
which light can be shone and the image magnified to 
inspect the external acoustic meatus and the tympanic 
membrane. 
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Fig. 8.109 Tympanic membrane. A. Diagram. B. Otoscopic view. 
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=™ sensory innervation of the skin on the outer surface of 
the tympanic membrane is primarily by the auriculo- 
temporal nerve, a branch of the mandibular nerve [V3] 
with additional participation of the auricular branch of 
the vagus nerve [X], a small contribution by a branch 
of the facial nerve [VII] to the auricular branch of the 
vagus nerve [X], and possibly a contribution from the 
glossopharyngeal nerve [IX]; 

=™ sensory innervation of the mucous membrane on the 
inner surface of the tympanic membrane is carried 
entirely by the glossopharyngeal [IX] nerve. 


The examination begins by grasping the 
posterosuperior aspect of the ear and gently retracting it 
to straighten the external auditory meatus. The normal 
tympanic membrane is relatively translucent and has a 
gray-reddish tinge. The handle of the malleus is visible 
near the center of the membrane. In the 5 o’clock position 
a cone of light is always demonstrated. 


Middle and inner ears 
The middle ear is investigated by CT and MRI to visualize 
the malleus, incus, and stapes. The relationship of these 
bones to the middle ear cavity is determined and any 
masses identified. 

The inner ear is also assessed by CT and MRI. 
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Head and neck 


In the clinic 


Tympanic membrane perforation 

Although perforation of the tympanic membrane 
(eardrum) has many causes, trauma infection is still one 
of the commonest causes today. 

Otitis media (infection of the middle ear) is common, 
but can usually be treated by antibiotics. If the infection 
persists, the chronic inflammatory change may damage 
the ossicular chain and other structures within the 
middle ear to produce deafness. 

Most ruptures of the tympanic membrane tend to 
heal spontaneously, but surgical intervention may be 
necessary if the rupture is large. 

From time to time it is necessary to enter the middle 
ear through the tympanic membrane. As the chorda 
tympani runs in the upper one-third of the tympanic 
membrane, incisions are always below this level. The 
richer blood supply to the posterior aspect of the 
tympanic membrane determines the standard surgical 
approach in the posterior-inferior aspect. 


Middle ear 


The middle ear is an air-filled, mucous membrane—lined 
space in the temporal bone between the tympanic mem- 
brane laterally and the lateral wall of the internal ear medi- 
ally. It is described as consisting of two parts (Fig. 8.110): 


the tympanic cavity immediately adjacent to the tym- 
panic membrane; 
= the epitympanic recess superiorly. 


The middle ear communicates with the mastoid area 
posteriorly and the nasopharynx (via the pharyngotym- 
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Fig. 8.110 Parts of the middle ear. 


panic tube) anteriorly. Its basic function is to transmit 
vibrations of the tympanic membrane across the cavity of 
the middle ear to the internal ear. It accomplishes this 
through three interconnected but movable bones that 
bridge the space between the tympanic membrane and the 
internal ear. These bones are the malleus (connected to the 
tympanic membrane), the incus (connected to the malleus 
by a synovial joint), and the stapes (connected to the incus 
by a synovial joint, and attached to the lateral wall of the 
internal ear at the oval window). 


Boundaries 


The middle ear has a roof and a floor, and anterior, poste- 
rior, medial, and lateral walls (Fig. 8.111). 


Tegmental wall 


The tegmental wall (roof) of the middle ear consists of a 
thin layer of bone, which separates the middle ear from the 
middle cranial fossa. This layer of bone is the tegmen 
tympani on the anterior surface of the petrous part of the 
temporal bone. 


Jugular wall 


The jugular wall (floor) of the middle ear consists of a thin 
layer of bone that separates it from the internal jugular 
vein. Occasionally, the floor is thickened by the presence of 
mastoid air cells. 

Near the medial border of the floor is a small aperture, 
through which the tympanic branch from the glossopha- 
ryngeal nerve [IX] enters the middle ear. 


Prominence of lateral semicircular canal 


Prominence of facial canal 





Membranous wall 


The membranous (lateral) wall of the middle ear consists 
almost entirely of the tympanic membrane, but because 
the tympanic membrane does not extend superiorly into 
the epitympanic recess, the upper part of the membranous 
wall of the middle ear is the bony lateral wall of the epitym- 
panic recess. 


Mastoid wall 


The mastoid (posterior) wall of the middle ear is only par- 
tially complete. The lower part of this wall consists of a 
bony partition between the tympanic cavity and mastoid 
air cells. Superiorly, the epitympanic recess is continuous 
with the aditus to the mastoid antrum (Figs. 8.111 and 
8.112). 
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Fig. 8.111 Boundaries of the middle ear. 
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Fig. 8.112 Mastoid antrum and surrounding bone. A. Diagram. 
B. High-resolution CT scan of left ear (petrous temporal bone). 


Associated with the mastoid wall are: 


a 


the pyramidal eminence, a small elevation through 
which the tendon of the stapedius muscle enters the 
middle ear; and 

the opening through which the chorda tympani nerve, 
a branch of the facial nerve [VII], enters the middle 
ear. 
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Anterior wall 


The anterior wall of the middle ear is only partially com- 
plete. The lower part consists of a thin layer of bone that 
separates the tympanic cavity from the internal carotid 
artery. Superiorly, the wall is deficient because of the pres- 
ence of: 


= a large opening for the entrance of the pharyngotym- 
panic tube into the middle ear; and 

= a smaller opening for the canal containing the tensor 
tympani muscle. 


The foramen for the exit of the chorda tympani nerve 
from the middle ear is also associated with this wall (Fig. 
8.111). 


Labyrinthine wall 


The labyrinthine (medial) wall of the middle ear is also the 
lateral wall of the internal ear. A prominent structure on 
this wall is a rounded bulge (the promontory) produced 
by the basal coil of the cochlea, which is an internal ear 
structure involved with hearing (Fig. 8.111). 

Associated with the mucous membrane covering the 
promontory is a plexus of nerves (the tympanic plexus), 
which consists primarily of contributions from the tym- 
panic branch of the glossopharyngeal nerve [IX] and 
branches from the internal carotid plexus. It supplies the 
mucous membrane of the middle ear, the mastoid area, 
and the pharyngotympanic tube. 

Additionally, a branch of the tympanic plexus (the lesser 
petrosal nerve) leaves the promontory and the middle ear, 
travels across the anterior surface of the petrous part of the 
temporal bone, and leaves the middle cranial fossa through 
the foramen ovale to enter the otic ganglion. Other struc- 
tures associated with the labyrinthine wall are two open- 
ings, the oval and round windows, and two prominent 
elevations (Fig. 8.111): 


= the oval window is posterosuperior to the promon- 
tory, is the point of attachment for the base of stapes 
(footplate), and ends the chain of bones that transfer 
vibrations initiated by the tympanic membrane to the 
cochlea of the internal ear; 

= the round window is posteroinferior to the 
promontory; 

= posterior and superior to the oval window on the medial 
wall is the prominence of facial canal, which is a 
ridge of bone produced by the facial nerve [VII] in its 
canal as it passes through the temporal bone; 

= just above and posterior to the prominence of facial 
canal is a broader ridge of bone (prominence of lateral 
semicircular canal) produced by the lateral semicir- 
cular canal, which is a structure involved in detecting 
motion. 


Mastoid area 


Posterior to the epitympanic recess of the middle ear is the 
aditus to mastoid antrum, which is the opening to the 
mastoid antrum (Fig. 8.112). 

The mastoid antrum is a cavity continuous with col- 
lections of air-filled spaces (the mastoid cells), through- 
out the mastoid part of the temporal bone, including the 
mastoid process. The mastoid antrum is separated from 
the middle cranial fossa above by only the thin tegmen 
tympani. 

The mucous membrane lining the mastoid air cells is 
continuous with the mucous membrane throughout the 
middle ear. Therefore infections in the middle ear can easily 
spread into the mastoid area. 


Pharyngotympanic tube 


The pharyngotympanic tube connects the middle ear with 
the nasopharynx (Fig. 8.113) and equalizes pressure on 
both sides of the tympanic membrane. Its opening in the 
middle ear is on the anterior wall, and from here it extends 
forward, medially, and downward to enter the nasophar- 
ynx just posterior to the inferior meatus of the nasal cavity. 
It consists of: 


= a bony part (the one-third nearest the middle ear); 
and 
= a cartilaginous part (the remaining two-thirds). 


The opening of the bony part is clearly visible on the 
inferior surface of the skull at the junction of the squamous 
and petrous parts of the temporal bone immediately poste- 
rior to the foramen ovale and foramen spinosum. 


In the clinic 


Mastoiditis 
Infection within the mastoid antrum and mastoid cells is 
usually secondary to infection in the middle ear. The 
mastoid cells provide an excellent culture medium for 
infection. Infection of the bone (osteomyelitis) may also 
develop, spreading into the middle cranial fossa. 
Drainage of the pus within the mastoid air cells is 
necessary and there are numerous approaches for 
doing this. When undertaking this type of surgery, it is 
extremely important that care is taken not to damage 
the mastoid wall of the middle ear to prevent injury to 
the facial nerve [VII]. Any breach of the inner table of 
the cranial vault may allow bacteria to enter the cranial 
cavity and meningitis will ensue. 





Vessels 


The arterial supply to the pharyngotympanic tube is from 
several sources. Branches arise from the ascending 
pharyngeal artery (a branch of the external carotid 
artery) and from two branches of the maxillary artery (the 
middle meningeal artery and the artery of the pterygoid 
canal). 

Venous drainage of the pharyngotympanic tube is to 
the pterygoid plexus of veins in the infratemporal fossa. 


Innervation 


Innervation of the mucous membrane lining the pharyn- 
gotympanic tube is primarily from the tympanic plexus 
because it is continuous with the mucous membrane lining 
the tympanic cavity, the internal surface of the tympanic 
membrane, and the mastoid antrum and mastoid cells. 
This plexus receives its major contribution from the 
tympanic nerve, a branch of the glossopharyngeal 
nerve [IX]. 
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Fig. 8.113 Pharyngotympanic tube. 909 
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Auditory ossicles 


The bones of the middle ear consist of the malleus, incus, 
and stapes. They form an osseous chain across the middle 
ear from the tympanic membrane to the oval window of 
the internal ear (Fig. 8.114). 

Muscles associated with the auditory ossicles modulate 
movement during the transmission of vibrations. 


Malleus 


The malleus is the largest of the auditory ossicles and is 
attached to the tympanic membrane. Identifiable parts 
include the head of malleus, neck of malleus, anterior 
and lateral processes, and handle of malleus (Fig. 
8.114). The head of malleus is the rounded upper part of 
the malleus in the epitympanic recess. Its posterior surface 
articulates with the incus. 

Inferior to the head of malleus is the constricted neck of 
malleus, and below this are the anterior and lateral 
processes: 


the anterior process is attached to the anterior wall of 
the middle ear by a ligament; 

the lateral process is attached to the anterior and pos- 
terior malleolar folds of the tympanic membrane. 


A incus articulation 







Malleus articulation 
Head of malleus 





Short limb 





Lateral 
process 


Posterior limb Anterior limb 





Head of stapes 


Fig. 8.114 Auditory ossicles. A. Malleus. B. Incus. C. Stapes. 


The downward extension of the malleus, below the 
anterior and lateral processes, is the handle of malleus, 
which is attached to the tympanic membrane. 


Incus 


The second bone in the series of auditory ossicles is the 
incus. It consists of the body ofincus, and long and short 
limbs (Fig. 8.114): 


the enlarged body of incus articulates with the head of 
malleus and is in the epitympanic recess; 

the long limb extends downward from the body, paral- 
leling the handle of the malleus, and ends by bending 
medially to articulate with the stapes; 

the short limb extends posteriorly and is attached by a 
ligament to the upper posterior wall of the middle ear. 


Stapes 


The stapes is the most medial bone in the osseous chain 
and is attached to the oval window. It consists of the head 
of stapes, anterior and posterior limbs, and the base 
of stapes (Fig. 8.114): 


the head of stapes is directed laterally and articulates 
with the long process of the incus; 

the two limbs separate from each other and attach to 
the oval base; 

the base of stapes fits into the oval window on the laby- 
rinthine wall of the middle ear. 


Muscles associated with the ossicles 


Two muscles are associated with the bony ossicles of the 
middle ear—the tensor tympani and stapedius (Fig. 8.115 
and Table 8.10). 


Tensor tympani 


The tensor tympani muscle lies in a bony canal above the 
pharyngotympanic tube. It originates from the cartilagi- 
nous part of the pharyngotympanic tube, the greater wing 
of the sphenoid, andits own bony canal, and passes through 
its canal in a posterior direction, ending in a rounded 
tendon that inserts into the upper part of the handle of 
the malleus. 

Innervation of the tensor tympani is by a branch from 
the mandibular nerve [V3]. 

Contraction of the tensor tympani pulls the handle ofthe 
malleus medially. This tenses the tympanic membrane, 
reducing the force of vibrations in response to loud noises. 
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Fig. 8.115 Muscles associated with the auditory ossicles. 


Table 8.10 Muscles of the middle ear 








Tendon of 
stapedius muscle 


Pyramidal eminence 


Footplate of stapes 





Muscle Origin Insertion Innervation Function 

Tensor tympani Cartilaginous part of pharyngotympanic Upper part of handle Branch from mandibular Contraction pulls handle of 
tube, greater wing of sphenoid, its own of malleus nerve [V3] malleus medially 
bony canal 

Stapedius Attached to inside of pyramidal Neck of stapes Branch of facial nerve Contraction 
eminence [VII] 

Vessels 
; Numerous arteries supply the structures in the middle 
Stapedius — 


The stapedius muscle is a very small muscle that originates 
from inside the pyramidal eminence, which is a small pro- 
jection on the mastoid wall of the middle ear (Fig. 8.115). 
Its tendon emerges from the apex of the pyramidal emi- 
nence and passes forward to attach to the posterior surface 
of the neck of stapes. 

Stapedius is innervated by a branch from the facial 
nerve [VII]. 

Contraction of the stapedius muscle, usually in response 
to loud noises, pulls the stapes posteriorly and prevents 
excessive oscillation. 


= the two largest branches are the tympanic branch of 
the maxillary artery and the mastoid branch of the 
occipital or posterior auricular arteries; 

= smaller branches come from the middle meningeal 
artery, the ascending pharyngeal artery, the artery of 
the pterygoid canal, and tympanic branches from the 
internal carotid artery. 


Venous drainage of the middle ear returns to the ptery- 
goid plexus of veins and the superior petrosal sinus. 
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Fig. 8.116 Innervation of the middle ear. 


Innervation 


The tympanic plexus innervates the mucous membrane 
lining the walls and contents of the middle ear, which 
includes the mastoid area and the pharyngotympanic tube. 
Itis formed by the tympanic nerve, a branch of the glosso- 
pharyngeal nerve |IX], and from branches of the internal 
carotid plexus. The tympanic plexus occurs in the mucous 
membrane covering the promontory, which is the rounded 
bulge on the labyrinthine wall of the middle ear (Fig. 
8.116). 

As the glossopharyngeal nerve [IX] exits the skull 
through the jugular foramen, it gives off the tympanic 
nerve. This branch re-enters the skull through a small 
foramen and passes through the bone to the middle ear. 

Once in the middle ear, the tympanic nerve forms the 
tympanic plexus, along with branches from the plexus of 
nerves surrounding the internal carotid artery (carotico- 
tympanic nerves). Branches from the tympanic plexus 
supply the mucous membranes of the middle ear, including 
the pharyngotympanic tube and the mastoid area. 

The tympanic plexus also gives off a major branch (the 
lesser petrosal nerve), which supplies preganglionic para- 
sympathetic fibers to the otic ganglion (Fig. 8.116). 

The lesser petrosal nerve leaves the area of the promon- 
tory, exits the middle ear, travels through the petrous part 
of the temporal bone, and exits onto the anterior surface of 
the petrous part of the temporal bone through a hiatus just 
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Fig. 8.117 Grooves and hiatuses for the greater and lesser petrosal 
nerves. 
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below the hiatus for the greater petrosal nerve (Fig. 8.117). 
It continues diagonally across the anterior surface of the 
temporal bone before exiting the middle cranial fossa 
through the foramen ovale. Once outside the skull it enters 
the otic ganglion. 


Internal ear 


The internal ear consists of a series of bony cavities (the Anterior 
bony labyrinth) and membranous ducts and sacs (the semicircular canal 
membranous labyrinth) within these cavities. All these 
structures are in the petrous part of the temporal bone 
between the middle ear laterally and the internal acoustic 
meatus medially (Figs. 8.118 and 8.119). 

The bony labyrinth consists of the vestibule, three 
semicircular canals, and the cochlea (Fig. 8.119). 
These bony cavities are lined with periosteum and contain 
a Clear fluid (the perilymph). 

Suspended within the perilymph but not filling all spaces 
of the bony labyrinth is the membranous labyrinth, which 
consists of the semicircular ducts, the cochlear duct, 
and two sacs (the utricle and the saccule). These mem- 
branous spaces are filled with endolymph. Lateral semicircular canal 
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Fig. 8.118 Location of the internal ear in temporal bone. 
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Fig. 8.119 Internal ear. 
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The structures in the internal ear convey information 
to the brain about balance and hearing: 


the cochlear duct is the organ of hearing; 
the semicircular ducts, utricle, and saccule are the 
organs of balance. 


The nerve responsible for these functions is the vestibu- 
locochlear nerve [VIII], which divides into vestibular 
(balance) and cochlear (hearing) parts after entering the 
internal acoustic meatus (Fig. 8.119). 


Bony labyrinth 


The vestibule, which contains the oval window in its lateral 
wall, is the central part of the bony labyrinth (Fig. 8.120). 
It communicates anteriorly with the cochlea and postero- 
superiorly with the semicircular canals. 

A narrow canal (the vestibular aqueduct) leaves the 
vestibule, and passes through the temporal bone to open 


on the posterior surface of the petrous part of the temporal 
bone. 


Semicircular canals 


Projecting in a posterosuperior direction from the vestibule 
are the anterior, posterior, and lateral semicircular 
canals (Fig. 8.120). Each of these canals forms two-thirds 
of a circle connected at both ends to the vestibule and with 
one end dilated to form the ampulla. The canals are ori- 
ented so that each canal is at right angles to the other 
two. 


Cochlea 


Projecting in an anterior direction from the vestibule is the 
cochlea, which is a bony structure that twists on itself two 
and one-half to two and three-quarter times around a 
central column of bone (the modiolus). This arrangement 
produces a cone-shaped structure with a base of cochlea 
that faces posteromedially and an apex that faces antero- 
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Fig. 8.120 Bony labyrinth. 
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laterally (Fig. 8.121). This positions the wide base of the 
modiolus near the internal acoustic meatus, where it is 
entered by branches of the cochlear part of the vestibulo- 
cochlear nerve [VIII]. 

Extending laterally throughout the length of the modio- 
lus is a thin lamina of bone (the lamina of modiolus, or 
spiral lamina). Circling around the modiolus, and held in 
a central position by its attachment to the lamina of modio- 
lus, is the cochlear duct, which is a component of the 
membranous labyrinth. 
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Fig. 8.121 Cochlea. 
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Fig. 8.122 Membranous labyrinth. 





Attached peripherally to the outer wall of the cochlea, 
the cochlear duct creates two canals (the scala vestibuli 
and the scala tympani), which extend throughout the 
cochlea and are continuous with each other at the apex 
through a narrow slit (the helicotrema): 


the scala vestibuli is continuous with the vestibule; 
the scala tympani is separated from the middle ear by 
the secondary tympanic membrane covering the round 
window (Fig. 8.122). 


Finally, near the round window is a small channel (the 
cochlear canaliculus), which passes through the tempo- 
ral bone and opens on its inferior surface into the posterior 
cranial fossa. This provides a connection between the peri- 
lymph-containing cochlea and the subarachnoid space 
(Fig. 8.122). 


Membranous labyrinth 


The membranous labyrinth is a continuous system of ducts 
and sacs within the bony labyrinth. It is filled with endo- 
lymph and separated from the periosteum that covers the 
walls of the bony labyrinth by perilymph. 

Consisting of two sacs (the utricle and the saccule) and 
four ducts (the three semicircular ducts and the cochlear 
duct), the membranous labyrinth has unique functions 
related to balance and hearing: 
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the utricle, saccule, and three semicircular ducts 
are part of the vestibular apparatus (i.e., organs of 
balance); 

the cochlear duct is the organ of hearing. 


The general organization of the parts of the membra- 
nous labyrinth (Fig. 8.122) places: 


the cochlear duct within the cochlea of the bony laby- 
rinth, anteriorly; 

the three semicircular ducts within the three semicircu- 
lar canals of the bony labyrinth, posteriorly; and 

the saccule and utricle within the vestibule of the bony 
labyrinth, in the middle. 


Organs of balance 


Five of the six components of the membranous labyrinth 
are concerned with balance. These are the two sacs (the 
utricle and the saccule) and three ducts (the anterior, pos- 
terior, and lateral semicircular ducts). 


Utricle, saccule, and endolymphatic duct 


The utricle is the larger of the two sacs. It is oval, elongated 
and irregular in shape and is in the posterosuperior part of 
the vestibule of the bony labyrinth. 

The three semicircular ducts empty into the utricle. 
Each semicircular duct is similar in shape, including a 
dilated end forming the ampulla, to its complementary 
bony semicircular canal, only much smaller. 

The saccule is a smaller, rounded sac lying in the antero- 
inferior part of the vestibule of the bony labyrinth (Fig. 
8.122). The cochlear duct empties into it. 

The utriculosaccular duct establishes continuity 
between all components of the membranous labyrinth and 
connects the utricle and saccule. Branching from this small 
duct is the endolymphatic duct, which enters the ves- 
tibular aqueduct (a channel through the temporal bone) 
to emerge onto the posterior surface of the petrous part of 
the temporal bone in the posterior cranial fossa. Here the 
endolymphatic duct expands into the endolymphatic 
sac, which is an extradural pouch that functions in resorp- 
tion of endolymph. 


Sensory receptors 


Functionally, sensory receptors for balance are organized 
into unique structures that are located in each of the com- 
ponents of the vestibular apparatus. In the utricle and 
saccule the sense organ is the macula of utricle and the 
macula of saccule, respectively, and in the ampulla of 
each of the three semicircular ducts it is the crista. 

The utricle responds to centrifugal and vertical acceler- 
ation, while the saccule responds to linear acceleration. In 


contrast, the receptors in the three semicircular ducts 
respond to movement in any direction. 


Organ of hearing 
Cochlear duct 


The cochlear duct has a central position in the cochlea of 
the bony labyrinth dividing it into two canals (the scala 
vestibuli and the scala tympani). It is maintained in this 
position by being attached centrally to the lamina of modi- 
olus, which is a thin lamina of bone extending from the 
modiolus (the central bony core of the cochlea), and periph- 
erally to the outer wall of the cochlea (Fig. 8.123). 

Thus, the triangular-shaped cochlear duct has: 


an outer wall against the bony cochlea consisting of 
thickened, epithelial-lined periosteum (the spiral 
ligament); 

a roof (the vestibular membrane), which separates 
the endolymph in the cochlear duct from the perilymph 
in the scala vestibuli and consists of a membrane with 
a connective tissue core lined on either side with epithe- 
lium; and 
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Fig. 8.123 Membranous labyrinth, cross-section. 


= a floor, which separates the endolymph in the cochlear 
duct from the perilymph in the scala tympani and con- 
sists of the free edge of the lamina of modiolus, and a 
membrane (the basilar membrane) extending from 
this free edge of the lamina of modiolus to an extension 
of the spiral ligament covering the outer wall of the 
cochlea. 


The spiral organ is the organ of hearing, rests on the 
basilar membrane, and projects into the enclosed, endo- 
lymph-filled cochlear duct (Fig. 8.123). 


Vessels 


The arterial supply to the internal ear is divided between 
vessels supplying the bony labyrinth and the membranous 
labyrinth. 

The bony labyrinth is supplied by the same arteries 
that supply the surrounding temporal bone—these include 
an anterior tympanic branch from the maxillary artery, 
a stylomastoid branch from the posterior auricular 
artery, and a petrosal branch from the middle meningeal 
artery. 

The membranous labyrinth is supplied by the labyrin- 
thine artery, which either arises from the anterior infe- 
rior cerebellar artery or is a direct branch of the basilar 
artery—whatever its origin, it enters the internal acoustic 
meatus with the facial [VII] and vestibulocochlear [VIII] 
nerves and eventually divides into: 


= a cochlear branch, which passes through the modio- 
lus and supplies the cochlear duct; and 

= one or two vestibular branches, which supply the 
vestibular apparatus. 


Venous drainage of the membranous labyrinth is 
through vestibular veins and cochlear veins, which follow 
the arteries. These come together to form a labyrinthine 
vein, which eventually empties into either the inferior 
petrosal sinus or the sigmoid sinus. 


Innervation 


The vestibulocochlear nerve [VIII] carries special afferent 
fibers for hearing (the cochlear component) and balance 
(the vestibular component). It enters the lateral surface of 
the brainstem, between the pons and medulla, after exiting 
the temporal bone through the internal acoustic meatus 
and crossing the posterior cranial fossa. 

Inside the temporal bone, at the distal end of the inter- 
nal acoustic meatus, the vestibulocochlear nerve divides 
to form: 


= the cochlear nerve; and 
= the vestibular nerve. 


The vestibular nerve enlarges to form the vestibular 
ganglion, before dividing into superior and inferior 
parts, which distribute to the three semicircular ducts and 
the utricle and saccule (Fig. 8.119). 

The cochlear nerve enters the base of the cochlea and 
passes upward through the modiolus. The ganglion cells of 
the cochlear nerve are in the spiral ganglion at the base 
of the lamina of modiolus as it winds around the modiolus 
(Fig. 8.121). Branches of the cochlear nerve pass through 
the lamina of modiolus to innervate the receptors in the 
spiral organ. 


Facial nerve [VII] in the temporal bone 


The facial nerve [VII] is closely associated with the vestibu- 
locochlear nerve [VIII] as it enters the internal acoustic 
meatus of the temporal bone. Traveling through the tem- 
poral bone, its path and several of its branches are directly 
related to the internal and middle ears. 

The facial nerve [VII] enters the internal acoustic meatus 
in the petrous part of the temporal bone (Fig. 8.124A). The 
vestibulocochlear nerve and the labyrinthine artery 
accompany it. 

At the distal end of the internal acoustic meatus, the 
facial nerve [VII] enters the facial canal and continues lat- 
erally between the internal and middle ears. At this point 
the facial nerve [VII] enlarges and bends posteriorly and 
laterally. The enlargement is the sensory geniculate gan- 
glion. As the facial canal continues, the facial nerve [VII] 
turns sharply downward and running in an almost vertical 
direction, it exits the skull through the stylomastoid 
foramen (Fig. 8.124A). 


Branches 


Greater petrosal nerve. At the geniculate ganglion, the 
facial nerve [VII] gives off the greater petrosal nerve (Fig. 
8.124A). This is the first branch of the facial nerve [VII]. 
The greater petrosal nerve leaves the geniculate ganglion, 
travels anteromedially through the temporal bone, and 
emerges through the hiatus for the greater petrosal nerve 
on the anterior surface of the petrous part of the temporal 
bone (Fig. 8.117). The greater petrosal nerve carries pre- 
ganglionic parasympathetic fibers to the pterygopalatine 
ganglion. 

Continuing beyond the bend, the position of the facial 
nerve [VII] is indicated on the medial wall of the middle ear 
by a bulge (Fig. 8.116). 
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Fig. 8.124 A. Facial nerve in the temporal bone. B. Chorda tympani in the temporal bone. 
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Nerve to stapedius and chorda tympani. Near the begin- 
ning of its vertical descent, the facial nerve [VII] gives off a 
small branch, the nerve to stapedius (Fig. 8.124), which 
innervates the stapedius muscle, and just before it exits the 
skull the facial nerve [VII] gives off the chorda tympani 
nerve. 

The chorda tympani does not immediately exit the tem- 
poral bone, but ascends to enter the middle ear through its 
posterior wall, passing near the upper aspect of the tym- 
panic membrane between the malleus and incus (Fig. 
8.124B). It then exits the middle ear through a canal 
leading to the petrotympanic fissure and exits the skull 
through this fissure to join the lingual nerve in the infra- 
temporal fossa. 


Transmission of sound 


A sound wave enters the external acoustic meatus and 
strikes the tympanic membrane moving it medially (Fig. 
8.125). As the handle of malleus is attached to this mem- 
brane, the handle of malleus also moves medially. This 
moves the head of the malleus laterally. Because the heads 
of the malleus and incus articulate with each other, the 
head of the incus is also moved laterally. This pushes the 
long process of the incus medially. The long process articu- 
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Fig. 8.125 Transmission of sound. 
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lates with the stapes, so its movement causes the stapes to 
move medially. In turn, because the base of stapes is 
attached to the oval window, the oval window is also 
moved medially. 

This action completes the transfer of a large-amplitude, 
low-force, airborne wave that vibrates the tympanic mem- 
brane into a small-amplitude, high-force vibration of the 
oval window, which generates a wave in the fluid-filled 
scala vestibuli of the cochlea. 

The wave established in the perilymph of the scala ves- 
tibuli moves through the cochlea and causes an outward 
bulging of the secondary tympanic membrane covering 
the round window at the lower end of the scala tympani 
(Fig. 8.125). This causes the basilar membrane to vibrate, 
which in turn leads to stimulation of receptor cells in the 
spiral organ. 

The receptor cells send impulses back to the brain 
through the cochlear part of the vestibulocochlear nerve 
[VII] where they are interpreted as sound. 

If the sounds are too loud, causing excessive movement 
of the tympanic membrane, contraction of the tensor 
tympani muscle (attached to the malleus) and/or the sta- 
pedius muscle (attached to the stapes) dampens the vibra- 
tions of the ossicles and decreases the force of the vibrations 
reaching the oval window. 


Vestibulocochlear nerve [VIII] 
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Head and neck 


TEMPORAL AND 
INFRATEMPORAL FOSSAE 


The temporal and infratemporal fossae are interconnected 
spaces on the lateral side of the head (Fig. 8.126). Their 
boundaries are formed by bone and soft tissues. 

The temporal fossa is superior to the infratemporal 
fossa, above the zygomatic arch, and communicates with 
the infratemporal fossa below through the gap between the 
zygomatic arch and the more medial surface of the skull. 

The infratemporal fossa is a wedge-shaped space deep to 
the masseter muscle and the underlying ramus of mandi- 
ble. Structures that travel between the cranial cavity, neck, 
pterygopalatine fossa, floor of the oral cavity, floor of the 
orbit, temporal fossa, and superficial regions of the head 
pass through it. 

Of the four muscles of mastication (masseter, tempora- 
lis, medial pterygoid, and lateral pterygoid) that move the 
lower jaw at the temporomandibular joint, one (masseter) 
is lateral to the infratemporal fossa, two (medial and lateral 
pterygoid) are in the infratemporal fossa, and one fills the 
temporal fossa. 
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Fig. 8.126 Temporal and infratemporal fossae. 


Bony framework 


Bones that contribute significantly to the boundaries of the 
temporal and infratemporal fossae include the temporal, 
zygomatic, and sphenoid bones, and the maxilla and man- 
dible (Fig. 8.127 and Fig. 8.128). 

Parts of the frontal and parietal bones are also 
involved. 


Temporal bone 


The squamous part of the temporal bone forms part of 
the bony framework of the temporal and infratemporal 
fossae. 

The tympanic part of the temporal bone forms the pos- 
teromedial corner of the roof of the infratemporal fossa, 
and also articulates with the head of mandible to form the 
temporomandibular joint. 

The lateral surface of the squamous part of the temporal 
bone is marked by two surface features on the medial wall 
of the temporal fossa: 


= a transversely oriented supramastoid crest, which 
extends posteriorly from the base of the zygomatic 
process and marks the posteroinferior border of the 
temporal fossa; 

a vertically oriented groove for middle temporal 
artery, a branch of the superficial temporal artery. 


Two features that participate in forming the temporo- 
mandibular joint on the inferior aspect of the root of the 
zygomatic process are the articular tubercle and the man- 
dibular fossa. Both are elongate from medial to lateral. Pos- 
terior to the mandibular fossa is the external auditory 
meatus. The tympanic part of the temporal bone is a flat 
concave plate of bone that curves inferiorly from the back 
of the mandibular fossa and forms part of the wall of the 
external auditory meatus. 

When viewed from inferiorly, there is a distinct 
tympanosquamous fissure between the tympanic 
and squamous parts of the temporal bone. Medially, a 
small slip of bone from the petrous part of the temporal 
bone insinuates itself into the fissure and forms a 
petrotympanic fissure between it and the tympanic part 
(Fig. 8.127). 

The chorda tympani nerve exits the skull and enters the 
infratemporal fossa through the medial end of the petro- 
tympanic fissure. 


Sphenoid bone 


The parts of the sphenoid bone that form part of the bony 
framework of the infratemporal fossa are the lateral plate 
of the pterygoid process and the greater wing (Fig. 8.127). 
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Fig. 8.127 Bony features related to the temporal and infratemporal fossae. 


The greater wing also forms part of the medial wall of the 
temporal fossa. 

The greater wings extend one on each side from the 
body of sphenoid. They project laterally from the body and 
curve superiorly. The inferior and lateral surfaces form the 
roof of the infratemporal fossa and the medial wall of the 
temporal fossa, respectively. 

The sharply angled boundary between the lateral and 
inferior surfaces of the greater wing is the infratemporal 
crest (Fig. 8.127). 

Two apertures (the foramen ovale and the foramen spi- 
nosum) pass through the base of the greater wing and 
allow the mandibular nerve [V3] and the middle meningeal 
artery, respectively, to pass between the middle cranial 
fossa and infratemporal fossa. In addition, one or more 
small sphenoidal emissary foramina penetrate the base of 
the greater wing anteromedial to the foramen ovale and 
allow emissary veins to pass between the pterygoid plexus 
of veins in the infratemporal fossa and the cavernous sinus 
in the middle cranial fossa. 


Projecting vertically downward from the greater wing 
immediately medial to the foramen spinosum is the irregu- 
larly shaped spine of sphenoid, which is the attachment 
site for the cranial end of the sphenomandibular ligament. 

The lateral plate of the pterygoid process is a vertically 
oriented sheet of bone that projects posterolaterally from 
the pterygoid process (Fig. 8.127). Its lateral and medial 
surfaces provide attachment for the lateral and medial 
pterygoid muscles, respectively. 


Maxilla 


The posterior surface of the maxilla contributes to the ante- 
rior wall of the infratemporal fossa (Fig. 8.127). This 
surface is marked by a foramen for the posterior superior 
alveolar nerve and vessels. The superior margin forms the 
inferior border of the inferior orbital fissure. 


Zygomatic bone 


The zygomatic bone is a quadrangular-shaped bone that 
forms the palpable bony prominence of the cheek: 
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a maxillary process extends anteromedially to articu- 
late with the zygomatic process of the maxilla; 

a frontal process extends superiorly to articulate with 
the zygomatic process of the frontal bone; 

a temporal process extends posteriorly to articulate 
with the zygomatic process of the temporal bone to 
complete the zygomatic arch. 


A small zygomaticofacial foramen on the lateral surface 
of the zygomatic bone transmits the zygomaticofacial nerve 
and vessels onto the cheek. 

A thin plate of bone extends posteromedially from the 
frontal process and contributes to the lateral wall of the 
orbit on one side and the anterior wall of the temporal fossa 
on the other. A zygomaticotemporal foramen on the tem- 
poral fossa surface of the plate where it attaches to the 
frontal process is for the zygomaticotemporal nerve. 


Ramus of mandible 


The ramus of mandible is quadrangular in shape and 
has medial and lateral surfaces and condylar and coronoid 
processes (Fig. 8.128). 

The lateral surface of the ramus of mandible is generally 
smooth except for the presence of a few obliquely oriented 
ridges. Most of the lateral surface provides attachment for 
the masseter muscle. 

The posterior and inferior borders of the ramus intersect 
to form the angle of mandible, while the superior border 
is notched to form the mandibular notch. The anterior 
border is sharp and is continuous below with the oblique 
line on the body of mandible. 

The coronoid process extends superiorly from the 
junction of the anterior and superior borders of the ramus. 
It is a flat, triangular process that provides attachment for 
temporalis muscle. 

The condylar process extends superiorly from the pos- 
terior and superior borders of the ramus. It consists of: 


the head of mandible, which is expanded medially 
and participates in forming the temporomandibular 
joint; and 

the neck of mandible, which bears a shallow depres- 
sion (the pterygoid fovea) on its anterior surface for 
attachment of the lateral pterygoid muscle. 


The medial surface of the ramus of mandible is the 
lateral wall of the infratemporal fossa (Fig. 8.128B). Its 
most distinctive feature is the mandibular foramen, 
which is the superior opening of the mandibular canal. The 
inferior alveolar nerve and vessels pass through this 
foramen. 
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Fig. 8.128 Mandible. A. Lateral view of left side. B. Medial view of 
left side. 


Immediately anterosuperior to the mandibular foramen 
is a triangular elevation (the lingula) for attachment of 
the mandibular end of the sphenomandibular ligament. 

An elongate groove (the mylohyoid groove) extends 
anteroinferiorly from the mandibular foramen. The nerve 
to mylohyoid is in this groove. 

Posteroinferior to the mylohyoid groove and mandibu- 
lar foramen, the medial surface of the ramus of mandible 
is roughened for attachment of the medial pterygoid 
muscle. 


Temporomandibular joints 


The temporomandibular joints, one on each side, allow 
opening and closing of the mouth and complex chewing or 
side-to-side movements of the lower jaw. 


Each joint is synovial and is formed between the head of 
mandible and the articular fossa and articular tubercle of 
the temporal bone (Fig. 8.129A). 

Unlike most other synovial joints where the articular 
surfaces of the bones are covered by a layer of hyaline car- 
tilage, those of the temporomandibular joint are covered 
by fibrocartilage. In addition, the joint is completely divided 
by a fibrous articular disc into two parts: 


= the lower part of the joint allows mainly the hinge-like 
depression and elevation of the mandible; 

= the upper part of the joint allows the head of the man- 
dible to translocate forward (protrusion) onto the 
articular tubercle and backward (retraction) into the 
mandibular fossa. 


Opening the mouth involves both depression and pro- 
trusion (Fig. 8.129B). 

The forward or protrusive movement allows greater 
depression of the mandible by preventing backward move- 
ment of the angle of mandible into structures in the neck. 
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Fig. 8.129 Temporomandibular joint. A. Mouth closed. B. Mouth open. 
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Joint capsule 


The synovial membrane of the joint capsule lines all non- 
articular surfaces of the upper and lower compartments of 
the joint and is attached to the margins of the articular 
disc. 

The fibrous membrane of the joint capsule encloses 
the temporomandibular joint complex and is attached: 


= above along the anterior margin of the articular 
tubercle; 

= laterally and medially along the margins of the articu- 
lar fossa; 

= posteriorly to the region of the tympanosquamous 
suture; and 

= below around the upper part of the neck of mandible. 


The articular disc attaches around its periphery to the 
inner aspect of the fibrous membrane. 
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Extracapsular ligaments 


Three extracapsular ligaments are associated with the 
temporomandibular joint—the lateral, sphenomandibu- 
lar, and the stylomandibular ligaments (Fig. 8.130): 


= the lateral ligament is closest to the joint, just lateral 
to the capsule, and runs diagonally backward from the 
margin of the articular tubercle to the neck of the 
mandible; 

= the sphenomandibular ligament is medial to the 
temporomandibular joint, runs from the spine of the 
sphenoid bone at the base of the skull to the lingula on 
the medial side of the ramus of mandible; 

= thestylomandibular ligament passes from the styloid 
process of the temporal bone to the posterior margin 
and angle of mandible. 


Movements of the mandible 


A chewing or grinding motion occurs when the move- 
ments at the temporomandibular joint on one side are 
coordinated with a reciprocal set of movements at the joint 
on the other side. Movements of the mandible include 
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Fig. 8.130 Ligaments associated with the temporomandibular 
joint. 


depression, elevation, protrusion, and retraction (Fig. 
8.131): 


= depression is generated by the digastric, geniohyoid, 
and mylohyoid muscles on both sides, is normally 
assisted by gravity and, because it involves forward 
movement of the head of mandible onto the articular 
tubercle, the lateral pterygoid muscles are also 
involved; 

= elevation is a very powerful movement generated by 
the temporalis, masseter, and medial pterygoid muscles 
and also involves movement of the head of mandible 
into the mandibular fossa; 

= protraction is mainly achieved by the lateral pterygoid 
muscle, with some assistance by the medial pterygoid; 

= retraction is carried out by the geniohyoid and digastric 
muscles, and by the posterior and deep fibers of the 
temporalis and masseter muscles, respectively. 


Except for the geniohyoid muscle, which is innervated 
by the C1 spinal nerve, all muscles that move the temporo- 
mandibular joints are innervated by the mandibular nerve 
[Və] by branches that originate in the infratemporal 
fossa. 
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Fig. 8.131 Movements of the temporomandibular joint. 


Masseter muscle 


The masseter muscle is a powerful muscle of mastication 
that elevates the mandible (Fig. 8.132 and Table 8.11). It 
overlies the lateral surface of the ramus of mandible. 

The masseter muscle is quadrangular in shape and is 
anchored above to the zygomatic arch and below to most 
of the lateral surface of the ramus of mandible. 

The more superficial part of the masseter originates 
from the maxillary process of the zygomatic bone and the 
anterior two-thirds of the zygomatic process of the maxilla. 
It inserts into the angle of mandible and related posterior 
part of the lateral surface of the ramus of mandible. 

The deep part of the masseter originates from the 
medial aspect of the zygomatic arch and the posterior part 
of its inferior margin and inserts into the central and upper 
part of the ramus of mandible as high as the coronoid 
process. 

The masseter is innervated by the masseteric nerve from 
the mandibular nerve [V3] and supplied with blood by the 
masseteric artery from the maxillary artery. 


Table 8.11 Muscles of mastication 


Muscle Origin Insertion 





Deep part 


Superficial part 





Masseteric artery 
Masseteric nerve 
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Fig. 8.132 Masseter muscle. 


Innervation Function 


Masseter Zygomatic arch and maxillary Lateral surface of ramus of mandible Masseteric nerve from Elevation of mandible 


process of the zygomatic bone 


the anterior trunk of the 
mandibular nerve [V3] 


Temporalis Bone of temporal fossa and Coronoid process of mandible and Deep temporal nerves Elevation and 
temporal fascia anterior margin of ramus of from the anterior trunk retraction of mandible 
mandible almost to last molar tooth of the mandibular nerve 
[V3] 
Medial Deep head—medial surface of Medial surface of mandible near Nerve to medial Elevation and side-to- 
pterygoid lateral plate of pterygoid process angle pterygoid from the side movements of 
and pyramidal process of palatine mandibular nerve [V3]. the mandible 
bone; superficial head—tuberosity 
and pyramidal process of maxilla 
Lateral Upper head—roof of infratemporal Capsule of temporomandibular joint Nerve to lateral Protrusion and side- 
pterygoid fossa; lower head—lateral surface in the region of attachment to the pterygoid directly from to-side movements of 
of lateral plate of the pterygoid articular disc and to the pterygoid the anterior trunk of the the mandible 
process fovea on the neck of mandible mandibular nerve [V3] or 


from the buccal branch 
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The masseteric nerve and artery originate in the infra- 
temporal fossa and pass laterally over the margin of the 
mandibular notch to enter the deep surface of the masseter 
muscle. 


Temporal fossa 


The temporal fossa is a narrow fan-shaped space that 
covers the lateral surface of the skull (Fig. 8.133): 


= its upper margin is defined by a pair of temporal lines 
that arch across the skull from the zygomatic process of 
the frontal bone to the supramastoid crest of the tem- 
poral bone; 

= it is limited laterally by the temporal fascia, which is 
a tough, fan-shaped aponeurosis overlying the tempo- 
ralis muscle and attached by its outer margin to the 
superior temporal line and by its inferior margin to the 
zygomatic arch; 
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= anteriorly, it is limited by the posterior surface of the 
frontal process of the zygomatic bone and the posterior 
surface of the zygomatic process of the frontal bone, 
which separate the temporal fossa behind from the orbit 
in front; 

= its inferior margin is marked by the zygomatic arch 
laterally and by the infratemporal crest of the greater 
wing of the sphenoid medially (Fig. 8.13 3B)—between 
these two features, the floor of the temporal fossa is 
open medially to the infratemporal fossa and laterally 
to the region containing the masseter muscle. 


Contents 


The major structure in the temporal fossa is the temporalis 
muscle. 

Also passing through the fossa is the zygomaticotempo- 
ral branch of the maxillary nerve [V,], which enters the 
region through the zygomaticotemporal foramen on the 
temporal fossa surface of the zygomatic bone. 
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Fig. 8.133 Temporal fossa. A. Lateral view. B. Lateral view showing the infratemporal fossa. 


Temporalis muscle 


The temporalis muscle is a large, fan-shaped muscle that 
fills much of the temporal fossa (Fig. 8.134). It originates 
from the bony surfaces of the fossa superiorly to the inferior 
temporal line and is attached laterally to the surface of the 
temporal fascia. The more anterior fibers are oriented verti- 
cally while the more posterior fibers are oriented horizon- 
tally. The fibers converge inferiorly to form a tendon, which 
passes between the zygomatic arch and the infratemporal 
crest of the greater wing of the sphenoid to insert on the 
coronoid process of the mandible. 

The temporalis muscle attaches down the anterior 
surface of the coronoid process and along the related 
margin of the ramus of mandible, almost to the last molar 
tooth. 





Cut temporal fascia 


Fig. 8.134 Temporalis muscle. Lateral view. 


The temporalis is a powerful elevator of the mandible. 
Because this movement involves posterior translocation of 
the head of mandible from the articular tubercle of the 
temporal bone and back into the mandibular fossa, the 
temporalis also retracts the mandible or pulls it posteriorly. 
In addition, the temporalis participates in side-to-side 
movements of the mandible. 

The temporalis is innervated by deep temporal 
nerves that originate from the mandibular nerve [V3] in 
the infratemporal fossa and then pass into the temporal 
fossa. 

Blood supply of the temporalis is by deep temporal arter- 
ies, which travel with the nerves, and the middle temporal 
artery, which penetrates the temporal fascia at the poste- 
rior end of the zygomatic arch. 
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Deep temporal nerves 


The deep temporal nerves, usually two in number, origi- 
nate from the anterior trunk of the mandibular nerve [V3] 
in the infratemporal fossa (Fig. 8.135). They pass superi- 
orly and around the infratemporal crest of the greater wing 
of the sphenoid to enter the temporal fossa deep to the 
temporalis muscle, and supply the temporalis muscle. 


Zygomaticotemporal nerve 


The zygomaticotemporal nerve is a branch of the zygo- 
matic nerve (see Fig. 8.81, p. 884). The zygomatic nerve is 
a branch of the maxillary nerve |V>], which originates in 
the pterygopalatine fossa and passes into the orbit. 

The zygomaticotemporal nerve enters the temporal 
fossa through one or more small foramina on the temporal 
fossa surface of the zygomatic bone. 

Branches of the zygomaticotemporal nerve pass superi- 
orly between the bone and the temporalis muscle to pene- 
trate the temporal fascia and supply the skin of the temple 
(Fig. 8.135). 
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Fig. 8.135 Nerves and arteries of the temporal fossa. 
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Infratemporal crest 


Deep temporal arteries 


Normally two in number, these vessels originate from the 
maxillary artery in the infratemporal fossa and travel with 
the deep temporal nerves around the infratemporal crest 
of the greater wing of the sphenoid to supply the temporalis 
muscle (Fig. 8.135). They anastomose with branches of 
the middle temporal artery. 


Middle temporal artery 


The middle temporal artery originates from the superficial 
temporal artery just superior to the root of the zygomatic 
arch between this structure and the external ear (Fig. 
8.135). It penetrates the temporalis fascia, passes under 
the margin of the temporalis muscle, and travels superiorly 
on the deep surface of the temporalis muscle. 

The middle temporal artery supplies the temporalis 
and anastomoses with branches of the deep temporal 
arteries. 
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Infratemporal fossa 


The wedge-shaped infratemporal fossa is inferior to the 
temporal fossa and between the ramus of mandible later- 
ally and the wall of the pharynx medially. It has a roof, a 
lateral wall, and a medial wall, and is open to the neck 
posteroinferiorly (Fig. 8.136): 


= the roof is formed by the inferior surfaces of the greater 
wing of the sphenoid and the temporal bone, contains 
the foramen spinosum, foramen ovale, and the petro- 
tympanic fissure, and lateral to the infratemporal crest 
of the greater wing of the sphenoid, is open superiorly 
to the temporal fossa; 

= the lateral wall is the medial surface of the ramus of 
mandible, which contains the opening to the mandibu- 
lar canal; 

= the medial wall is formed anteriorly by the lateral 
plate of the pterygoid process and more posteriorly by 
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Fig. 8.136 Borders of the infratemporal fossa. 








the pharynx and by two muscles of the soft palate 
(tensor and levator veli palatini muscles), and contains 
the pterygomaxillary fissure anteriorly, which allows 
structures to pass between the infratemporal and ptery- 
gopalatine fossae; 

= the anterior wall is formed by part of the posterior 
surface of the maxilla, contains the alveolar foramen, 
and the upper part opens as the inferior orbital fissure 
into the orbit. 


Contents 


Major contents of the infratemporal fossa include the sphe- 
nomandibular ligament, medial and lateral pterygoid 
muscles (Table 8.11), the maxillary artery, the mandibular 
nerve [V3], branches of the facial nerve [VII] and the glos- 
sopharyngeal nerve [IX], and the pterygoid plexus of 
veins. 
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Sphenomandibular ligament 


The sphenomandibular ligament is an extracapsular liga- 
ment of the temporomandibular joint. It is attached supe- 
riorly to the spine of the sphenoid bone and expands 
inferiorly to attach to the lingula of the mandible and the 
posterior margin of the mandibular foramen (Fig. 8.137). 


Medial pterygoid 


The medial pterygoid muscle is quadrangular in shape 
and has deep and superficial heads (Fig. 8.137): 


= the deep head is attached above to the medial surface 
of the lateral plate of the pterygoid process and the asso- 
ciated surface of the pyramidal process of the palatine 
bone, and descends obliquely downward, medial to the 
sphenomandibular ligament, to attach to the rough- 
ened medial surface of the ramus of mandible near the 
angle of mandible; 

= the superficial head originates from the tuberosity of 
the maxilla and adjacent pyramidal process of the pala- 
tine bone and joins with the deep head to insert on the 
mandible. 
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Fig. 8.137 Medial pterygoid muscle. 





The medial pterygoid mainly elevates the mandible. 
Because it passes obliquely backward to insert into the 
mandible, it also assists the lateral pterygoid muscle in pro- 
truding the lower jaw. 

The medial pterygoid is innervated by the nerve to 
medial pterygoid from the mandibular nerve [V3]. 


Lateral pterygoid 


The lateral pterygoid is a thick triangular muscle and like 
the medial pterygoid muscle has two heads (Fig. 8.138): 


= the upper head originates from the roof of the infra- 
temporal fossa (inferior surface of the greater wing of 
the sphenoid and the infratemporal crest) lateral to the 
foramen ovale and foramen spinosum; 

= the lower head is larger than the upper head and origi- 
nates from the lateral surface of the lateral plate of the 
pterygoid process, and the inferior part insinuates itself 
between the cranial attachments of the two heads of the 
medial pterygoid. 
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The fibers from both heads of the lateral pterygoid 
muscle converge to insert into the pterygoid fovea of the 
neck of mandible and into the capsule of the temporoman- 
dibular joint in the region where the capsule is attached 
internally to the articular disc. 

Unlike the medial pterygoid muscle whose fibers tend to 
be oriented vertically, those of the lateral pterygoid are 
oriented almost horizontally. As a result, when the lateral 
pterygoid contracts it pulls the articular disc and head of 
mandible forward onto the articular tubercle and is there- 
fore the major protruder of the lower jaw. 

The lateral pterygoid is innervated by the nerve to 
lateral pterygoid from the mandibular nerve [V3]. 

When the lateral and medial pterygoids contract on 
only one side, the chin moves to the opposite side. When 
opposite movements at the two temporomandibular joints 
are coordinated, a chewing movement results. 
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Fig. 8.138 Lateral pterygoid muscle. 





Mandibular nerve [V3] 


The mandibular nerve [V3] is the largest of the three divi- 
sions of the trigeminal nerve |V]. 

Unlike the ophthalmic [V,| and maxillary [V,| nerves, 
which are purely sensory, the mandibular nerve [V3] is 
both motor and sensory. 

In addition to carrying general sensation from the teeth 
and gingivae of the mandible, the anterior two-thirds of the 
tongue, mucosa on the floor of the oral cavity, the lower 
lip, skin over the temple and lower face, and part of the 
cranial dura mater, the mandibular nerve [V;] also carries 
motor innervation to most of the muscles that move the 
mandible, one of the muscles (tensor tympani) in the 
middle ear, and one of the muscles of the soft palate (tensor 
veli palatini). 

All branches of the mandibular nerve [V3] originate in 
the infratemporal fossa. 
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Like the ophthalmic [V,] and maxillary |V,| nerves, the 
sensory part of the mandibular nerve [V3] originates from 
the trigeminal ganglion in the middle cranial fossa (Fig. 
8.138): 


=m the sensory part of the mandibular nerve [V3] drops 
vertically through the foramen ovale and enters the 
infratemporal fossa between the tensor veli palatini 
muscle and the upper head of the lateral pterygoid 
muscle; 

= the small motor root of the trigeminal nerve [|V] passes 
medial to the trigeminal ganglion in the cranial cavity, 
then passes through the foramen ovale and immedi- 
ately joins the sensory part of the mandibular nerve 


[V3]. 


Branches 


Soon after the sensory and motor roots join, the mandibu- 
lar nerve [V3] gives rise to a small meningeal branch and 
to the nerve to medial pterygoid, and then divides into 
anterior and posterior trunks (Fig. 8.139): 


= branches from the anterior trunk are the buccal, mas- 
seteric, and deep temporal nerves, and the nerve to 
lateral pterygoid, all of which, except the buccal nerve 
(which is predominantly sensory) are motor nerves; 
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= branches from the posterior trunk are the auriculotem- 
poral, lingual, and inferior alveolar nerves, all of 
which, except a small nerve (nerve to mylohyoid) that 
branches from the inferior alveolar nerve, are sensory 
nerves. 


Meningeal branch 


The meningeal branch originates from the medial side of 
the mandibular nerve [V3] and ascends to leave the infra- 
temporal fossa with the middle meningeal artery and re- 
enter the cranial cavity through the foramen spinosum 
(Fig. 8.139). It is sensory for the dura mater, mainly of the 
middle cranial fossa, and also supplies the mastoid cells 
that communicate with the middle ear. 


Nerve to medial pterygoid 


The nerve to medial pterygoid also originates medially 
from the mandibular nerve [V3] (Fig. 8.139). It descends to 
enter and supply the deep surface of the medial pterygoid 
muscle. Near its origin from the mandibular nerve [V3], it 
has two small branches: 


one of these supplies the tensor veli palatini; 

the other ascends to supply the tensor tympani muscle, 
which occupies a small bony canal above and parallel 
to the pharyngotympanic tube in the temporal bone. 
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Fig. 8.139 Mandibular nerve [V;]|—meningeal nerve and nerve to medial pterygoid. 


Buccal nerve 


The buccal nerve is a branch of the anterior trunk of the 
mandibular nerve [V3] (Fig. 8.139). It is predominantly a 
sensory nerve, but may also carry the motor innervation 
to the lateral pterygoid muscle and to part of the temporalis 
muscle. 

The buccal nerve passes laterally between the upper 
and lower heads of lateral pterygoid and then descends 
around the anterior margin of the insertion of temporalis 
muscle to the anterior margin of the ramus of mandible, 
often slipping through the tendon of temporalis. It contin- 
ues into the cheek lateral to the buccinator muscle to 
supply general sensory nerves to the adjacent skin and oral 
mucosa and the buccal gingivae of the lower molars. 


Masseteric nerve 


The masseteric nerve is a branch of the anterior trunk of 
the mandibular nerve [V3] (Figs. 8.132 and 8.139). It 
passes laterally over the lateral pterygoid muscle and 
through the mandibular notch to penetrate and supply the 
masseter muscle. 


Deep temporal nerves 


The deep temporal nerves, usually two in number, origi- 
nate from the anterior trunk of the mandibular nerve [V3] 
(Fig. 8.139). They pass laterally above the lateral pterygoid 
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Fig. 8.140 Mandibular nerve [V;|—posterior trunk. A. Lateral view. 





muscle and curve around the infratemporal crest to ascend 
in the temporal fossa and supply the temporalis muscle 
from its deep surface. 


Nerve to lateral pterygoid 


The nerve to lateral pterygoid may originate directly as a 
branch from the anterior trunk of the mandibular nerve 
[V3] or from its buccal branch (Fig. 8.139). From its origin, 
it passes directly into the deep surface of the lateral ptery- 
goid muscle. 


Auriculotemporal nerve 


The auriculotemporal nerve is the first branch of the pos- 
terior division of the mandibular nerve |V;] and originates 
as two roots, which pass posteriorly around the middle 
meningeal artery ascending from the maxillary artery to 
the foramen spinosum (Fig. 8.140). 

The auriculotemporal nerve passes first between the 
tensor veli palatini muscle and the upper head of lateral 
pterygoid muscle, and then between the sphenomandibu- 
lar ligament and the neck of mandible. It curves laterally 
around the neck of mandible and then ascends deep to 
the parotid gland between the temporomandibular joint 
and ear. 

The terminal branches of the auriculotemporal nerve 
carry general sensation from skin over a large area of the 
temple. In addition, the auriculotemporal nerve contrib- 
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Fig. 8.140, cont’d Mandibular nerve [V;]—posterior trunk. B. Anterior view. C. Anteromedial view. 


utes to sensory innervation of the external ear, the external 
auditory meatus, tympanic membrane, and temporoman- 
dibular joint. It also delivers postganglionic parasympa- 
thetic nerves from the glossopharyngeal nerve [IX] to the 
parotid gland. 


Lingual nerve 


The lingual nerve is a major sensory branch of the poste- 
rior trunk of the mandibular nerve [V3] (Fig. 8.140). It 
carries general sensation from the anterior two-thirds of 
the tongue, oral mucosa on the floor of the oral cavity, and 
lingual gingivae associated with the lower teeth. 

The lingual nerve is joined high in the infratemporal 
fossa by the chorda tympani branch of the facial nerve 
[VII], which carries: 


= taste from the anterior two-thirds of the tongue; and 
= parasympathetic fibers to all salivary glands below the 
level of the oral fissure. 


The lingual nerve first descends between the tensor veli 
palatini muscle and the lateral pterygoid muscle, where it 
is joined by the chorda tympani nerve, and then descends 
across the lateral surface of the medial pterygoid muscle to 
enter the oral cavity. 

The lingual nerve enters the oral cavity between the 
posterior attachment of the mylohyoid muscle to the mylo- 
hyoid line and the attachment of the superior constrictor 
of the pharynx to the pterygomandibular raphe. As the 
lingual nerve enters the floor of the oral cavity, it is in a 
shallow groove on the medial surface of the mandible 
immediately inferior to the last molar tooth. In this posi- 
tion, it is palpable through the oral mucosa and in danger 
when operating on the molar teeth and gingivae. 

The lingual nerve passes into the tongue on the lateral 
surface of the hyoglossus muscle where it is attached to the 
submandibular ganglion (see p. 936), which contains 
the secondary cell bodies for the parasympathetic nerves of 
the chorda tympani nerve carried from the infratemporal 
fossa into the floor of the oral cavity on the lingual nerve. 


Inferior alveolar nerve 


The inferior alveolar nerve, like the lingual nerve, is a 
major sensory branch of the posterior trunk of the man- 
dibular nerve [V3] (Fig. 8.140). In addition to innervating 
all lower teeth and much of the associated gingivae, it also 
supplies the mucosa and skin of the lower lip and skin of 
the chin. It has one motor branch, which innervates the 
mylohyoid muscle and the anterior belly of the digastric 
muscle. 

The inferior alveolar nerve originates deep to the lateral 
pterygoid muscle from the posterior trunk of the mandibu- 
lar nerve [V3] in association with the lingual nerve. It 
descends on the lateral surface of the medial pterygoid 
muscle, passes between the sphenomandibular ligament 
and the ramus of mandible, and then enters the mandibu- 
lar canal through the mandibular foramen. Just before 
entering the mandibular foramen, it gives origin to the 
nerve to mylohyoid, which lies in the mylohyoid 
groove inferior to the foramen and continues anteriorly 
below the floor of the oral cavity to innervate the mylohy- 
oid muscle and the anterior belly of the digastric 
muscle. 

The inferior alveolar nerve passes anteriorly within the 
mandibular canal of the lower jaw. The mandibular canal 
and its contents are inferior to the roots of the molar teeth, 
and the roots can sometimes curve around the canal 
making extraction of these teeth difficult. 

The inferior alveolar nerve supplies branches to the 
three molar teeth and the second premolar tooth and asso- 
ciated labial gingivae, and then divides into its two termi- 
nal branches: 


the incisive nerve, which continues in the mandibu- 
lar canal to supply the first premolar, incisor, and 
canine teeth, and related gingivae. 

the mental nerve, which exits the mandible through 
the mental foramen and supplies the lower lip and chin. 
The mental nerve is palpable and sometimes visible 
through the oral mucosa adjacent to the roots of the 
premolar teeth. 


Chorda tympani and the lesser 
petrosal nerve 


Branches of two cranial nerves join branches of the man- 
dibular nerve [V;]| in the infratemporal fossa (Fig. 8.141). 
These are the chorda tympani branch of the facial nerve 
[VII] and the lesser petrosal nerve, a branch of the tym- 
panic plexus in the middle ear, which had its origin from a 
branch of the glossopharyngeal nerve [IX] (see Fig. 8.111, 
p. 907). 


Regional anatomy ° Temporal and infratemporal fossae 


Chorda tympani 


The chorda tympani (Fig. 8.141) carries taste from the 
anterior two-thirds of the tongue and parasympathetic 
innervation to all salivary glands below the level of the oral 
fissure. 

The chorda tympani originates from the facial nerve 
[VII] within the temporal bone and in association with the 
mastoid wall of the middle ear, passes anteriorly through 
a small canal, and enters the lateral aspect of the middle 
ear. As it continues anterosuperiorly across the middle ear, 
it is separated from the tympanic membrane by the handle 
of malleus. It leaves the middle ear through the medial end 
of the petrotympanic fissure, enters the infratemporal 
fossa, descends medial to the spine of the sphenoid and 
then to the lateral pterygoid muscle, and joins the lingual 
nerve. 

Preganglionic parasympathetic fibers carried in the 
chorda tympani synapse with postganglionic parasympa- 
thetic fibers in the submandibular ganglion, which “hangs 
off” the lingual nerve in the floor of the oral cavity. 

Postganglionic parasympathetic fibers leave the sub- 
mandibular ganglion and either: 


re-enter the lingual nerve to travel with its terminal 
branches to reach target tissues; or 

pass directly from the submandibular ganglion into 
glands. 


The taste (SA) fibers do not pass through the ganglion 
and are distributed with terminal branches of the lingual 
nerve. 


Lesser petrosal nerve 


The lesser petrosal nerve carries mainly parasympathetic 
fibers destined for the parotid gland (Fig. 8.141). The pre- 


In the clinic 


Lingual nerve injury 

A lingual nerve injury proximal to where the chorda 
tympani joins it in the infratemporal fossa will produce 
loss of general sensation from the anterior two-thirds of 
the tongue, oral mucosa, gingivae, the lower lip, and 
the chin. 

If a lingual nerve lesion is distal to the site where it is 
joined by the chorda tympani, secretion from the 
salivary glands below the oral fissure and taste from the 
anterior two-thirds of the tongue will also be lost. 
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ganglionic parasympathetic fibers are located in the glos- 
sopharyngeal nerve [IX] as it exits the jugular foramen at 
the base of the skull. Branching from the glossopharyngeal 
nerve [IX] either within or immediately outside the jugular 
foramen is the tympanic nerve. 

The tympanic nerve re-enters the temporal bone 
through a small foramen on the ridge of bone separating 
the jugular foramen from the carotid canal and ascends 
through a small bony canal (inferior tympanic canalicu- 
lus) to the promontory located on the labyrinthine (medial) 
wall of the middle ear. Here it participates in the formation 
of the tympanic plexus. The lesser petrosal nerve is a 
branch of this plexus. 

The lesser petrosal nerve contains mainly preganglionic 
parasympathetic fibers. It leaves the middle ear and enters 
the middle cranial fossa through a small opening on the 
anterior surface of the petrous part of the temporal bone 
just lateral and inferior to the opening for the greater petro- 
sal nerve, a branch of the facial nerve [VII]. The lesser 
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petrosal nerve then passes medially and descends through 
the foramen ovale with the mandibular nerve [V3]. 

In the infratemporal fossa, the preganglionic parasym- 
pathetic fibers synapse with cell bodies of postganglionic 
parasympathetic fibers in the otic ganglion located on the 
medial side of the mandibular nerve [V3] around the origin 
of the nerve to medial pterygoid. Postganglionic parasym- 
pathetic fibers leave the otic ganglion and join the auricu- 
lotemporal nerve, which carries them to the parotid 
gland. 


Maxillary artery 


The maxillary artery is the largest branch of the external 
carotid artery in the neck and is a major source of blood 
supply for the nasal cavity, the lateral wall and roof of the 
oral cavity, all teeth, and the dura mater in the cranial 
cavity. It passes through and supplies the infratemporal 
fossa and then enters the pterygopalatine fossa, where it 
gives origin to terminal branches (Fig. 8.142). 
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Fig. 8.141 Chorda tympani and lesser petrosal nerves. A. Course after emerging from the skull. 


In the clinic 


Dental anesthesia 

Anesthesia of the inferior alveolar nerve is widely 
practiced by most dentists. The inferior alveolar nerve is 
one of the largest branches of the mandibular nerve 
[V3], carries the sensory branches from the teeth and 
mandible, and receives sensory information from the 
skin over the mandible. 

The inferior alveolar nerve passes into the 
mandibular canal and runs within the medullary cavity 
of the mandible, piercing the anterior aspect of the 
mandible through the mental foramen. 

Dental procedures require perineuronal infiltration of 
the inferior alveolar nerve by local anesthetic. To 
anesthetize this nerve the needle is placed lateral to the 
anterior arch of the fauces (palatoglossal arch) in the 
oral cavity and is advanced along the medial border 
around the inferior third of the body of mandible so 
that anesthetic can be deposited in this region. 

It is also possible to anesthetize the infra-orbital, 
mental, incisive, and buccal nerves, depending on 
where the anesthesia is needed. 
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The maxillary artery originates within the substance of 
the parotid gland and then passes forward, between the 
neck of mandible and sphenomandibular ligament, into 
the infratemporal fossa. It ascends obliquely through the 
infratemporal fossa to enter the pterygopalatine fossa by 
passing through the pterygomaxillary fissure. This part of 
the vessel may pass either lateral or medial to the lower 
head of lateral pterygoid. If it passes medial to the lower 
head, the maxillary artery then loops laterally between the 
upper and lower heads of lateral pterygoid to access the 
pterygomaxillary fissure. 


Branches 


Branches of the maxillary artery are as follows: 


= the first part of the maxillary artery (the part between 
the neck of mandible and the sphenomandibular liga- 
ment) gives origin to two major branches (the middle 
meningeal and inferior alveolar arteries) and a number 
of smaller branches (deep auricular, anterior tympanic, 
and accessory meningeal); 
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Fig. 8.141, cont’d. Chorda tympani and lesser petrosal nerves. B. Course of parasympathetic fibers. 
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Fig. 8.142 Maxillary artery. 


= the second part of the maxillary artery (the part related 
to the lateral pterygoid muscle) gives origin to deep 
temporal, masseteric, buccal, and pterygoid branches, 
which course with branches of the mandibular nerve 
[V3]; 

= the third part of the maxillary artery is in the pterygo- 
palatine fossa (see p. 946). 


Middle meningeal artery 


The middle meningeal artery ascends vertically from the 
maxillary artery and passes through the foramen spino- 
sum to enter the cranial cavity (Fig. 8.142). In the 
infratemporal fossa, it passes superiorly between the sphe- 
nomandibular ligament on the medial side and the lateral 
pterygoid muscle on the lateral side. Just inferior to the 
foramen spinosum, it passes between the two roots of the 
auriculotemporal nerve at their origin from the mandibu- 
lar nerve [V3]. 

The middle meningeal artery is the largest of the men- 
ingeal vessels and supplies much of the dura mater, bone, 
and related bone marrow of the cranial cavity walls. 





Branches of middle 
meningeal in cranial cavity 
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Auriculotemporal nerve 
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Within the cranial cavity, the middle meningeal artery 
and its branches travel in the periosteal (outer) layer of 
dura mater, which is tightly adherent to the bony walls. As 
major branches of the middle meningeal artery pass supe- 
riorly up the walls of the cranial cavity, they can be 
damaged by lateral blows to the head. When the vessels 
are torn, the leaking blood, which is under arterial pres- 
sure, slowly separates the dura mater from its attachment 
to the bone, resulting in an extradural hematoma. 


Inferior alveolar artery 


The inferior alveolar artery descends from the maxillary 
artery to enter the mandibular foramen and canal with the 
inferior alveolar nerve (Fig. 8.142). It is distributed with 
the inferior alveolar nerve and supplies all lower teeth, and 
contributes to the supply of the buccal gingivae, chin, and 
lower lip. 

Before entering the mandible, the inferior alveolar 
artery gives origin to a small mylohyoid branch, which 
accompanies the nerve to mylohyoid. 


Deep auricular, anterior tympanic, and 
accessory meningeal arteries 


The deep auricular, anterior tympanic, and accessory 
meningeal arteries are small branches from the first part of 
the maxillary artery and contribute to the blood supply of 
the external acoustic meatus, deep surface of the tympanic 
membrane, and cranial dura mater, respectively. 

The accessory meningeal branch also contributes small 
branches to surrounding muscles in the infratemporal 
fossa before ascending through the foramen ovale into the 
cranial cavity to supply dura mater. 


Branches from the second part 


Deep temporal arteries, usually two in number, originate 
from the second part of the maxillary artery and travel 
with the deep temporal nerves to supply the temporalis 
muscle in the temporal fossa (Fig. 8.142). 

Numerous pterygoid arteries also originate from the 
second part of the maxillary artery and supply the ptery- 
goid muscles. 

The masseteric artery, also from the second part of the 
maxillary artery, accompanies the masseteric nerve later- 
ally through the mandibular notch to supply the masseter 
muscle. 

The buccal artery is distributed with the buccal nerve 
and supplies skin, muscle, and oral mucosa of the cheek. 


Pterygoid plexus 


The pterygoid plexus is a network of veins between the 
medial and lateral pterygoid muscles, and between the 
lateral pterygoid and temporalis muscles (Fig. 8.143). 

Veins that drain regions supplied by arteries branching 
from the maxillary artery in the infratemporal fossa and 
pterygopalatine fossa connect with the pterygoid plexus. 
These tributary veins include those that drain the nasal 
cavity, roof and lateral wall of the oral cavity, all teeth, 
muscles of the infratemporal fossa, paranasal sinuses, and 
nasopharynx. In addition, the inferior ophthalmic vein 
from the orbit can drain through the inferior orbital fissure 
into the pterygoid plexus. 

Significantly, small emissary veins often connect the 
pterygoid plexus in the infratemporal fossa to the cavern- 
ous sinus in the cranial cavity. These emissary veins, which 
pass through the foramen ovale, through the cartilage that 
fills the foramen lacerum, and through a small sphenoidal 
foramen on the medial side of the lateral plate of the ptery- 
goid process at the base of the skull, are a route by which 
infections can spread into the cranial cavity from struc- 
tures, such as the teeth, that are drained by the pterygoid 
plexus. Also, because there are no valves in veins of the 
head and neck, anesthetic inadvertently injected under 
pressure into veins of the pterygoid plexus can backflow 
into tissues or into the cranial cavity. 


Emissary veins 
(connect with cavernous sinus) 


Inferior ophthalmic vein 






Deep facial vein 


Facial vein 


Fig. 8.143 Pterygoid plexus of veins. 
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Head and neck 


The pterygoid plexus connects: 


= posteriorly, via a short maxillary vein, with the retro- 
mandibular vein in the neck; and 

= anteriorly, via a deep facial vein, with the facial vein on 
the face. 


PTERYGOPALATINE FOSSA 


The pterygopalatine fossa is an inverted teardrop-shaped 
space between bones on the lateral side of the skull imme- 
diately posterior to the maxilla (Fig. 8.144). 

Although small in size, the pterygopalatine fossa com- 
municates via fissures and foramina in its walls with the: 


middle cranial fossa; 
infratemporal fossa; 

floor of the orbit; 

lateral wall of the nasal cavity; 
oropharynx; and 

roof of the oral cavity. 


Because of its strategic location, the pterygopalatine 
fossa is a major site of distribution for the maxillary nerve 
[V>] and for the terminal part of the maxillary artery. It also 


A Zygomatic bone Pterygopalatine fossa 





Fig. 8.144 Pterygopalatine fossa. A. Anterolateral view. B. Lateral view. 


Sphenoid bone 


Palatine bone 


Maxilla 


contains the pterygopalatine ganglion where pregangli- 
onic parasympathetic fibers originating in the facial nerve 
[VII] synapse with postganglionic parasympathetic fibers 
and these fibers, along with sympathetic fibers originating 
from the T1 spinal cord level join branches of the maxillary 
nerve [V5]. 

All the upper teeth receive their innervation and blood 
supply from the maxillary nerve [V,] and the terminal part 
of the maxillary artery, respectively, that pass through the 
pterygopalatine fossa. 


Skeletal framework 


The walls of the pterygopalatine fossa are formed by parts 
of the palatine, maxilla, and sphenoid bones (Fig. 8.144): 


= the anterior wall is formed by the posterior surface of 
the maxilla; 

= the medial wall is formed by the lateral surface of the 
palatine bone; 

= the posterior wall and roof are formed by parts of the 
sphenoid bone. 


Sphenoid bone 


The part of the sphenoid bone that contributes to the for- 
mation of the pterygopalatine fossa is the anterosuperior 


B Inferior orbital fissure 


Sphenopalatine foramen 
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Pterygoid canal 


Palatovaginal canal 
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Alveolar foramen 


surface of the pterygoid process (Fig. 8.145). Opening onto 
this surface are two large foramina: 


= the maxillary nerve [V,| passes through the most lateral 
and superior of these—the foramen rotundum— 
which communicates posteriorly with the middle 
cranial fossa (Fig. 8.145B); 

= the greater petrosal nerve from the facial nerve [VII] 
and sympathetic fibers from the internal carotid plexus 
join to form the nerve of the pterygoid canal that passes 
forward into the pterygopalatine fossa through the 
more medial and inferior foramen—the anterior 
opening of the pterygoid canal. 


Pterygoid canal 


The pterygoid canal is a bony canal opening onto the 
posterior surface of the pterygoid process and then con- 





Surface related to 
pterygopalatine fossa 





tinuing superomedially for a short distance in the cartilage 
that fills the foramen lacerum and surrounding the poste- 
rior opening of the pterygoid canal. The pterygoid canal 
opens into the middle cranial fossa just anteroinferior to 
the internal carotid artery as the vessel enters the cranial 
cavity through the carotid canal (Fig. 8.145B). 


Gateways 


Seven foramina and fissures provide apertures through 
which structures enter and leave the pterygopalatine 
fossa (Fig. 8.146): 


= the foramen rotundum and pterygoid canal communi- 
cate with the middle cranial fossa and open onto the 
posterior wall; 
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Fig. 8.145 Sphenoid bone. A. Anterior view. B. Posterosuperior view. 


Superior orbital fissure 


s| 
Er ž is a 
E w i \ 
ak \ 4 
i , 
ii TN 
i A\ 
ri x - 
p 


h —_ 


Lesser wing 






Greater wing 


Foramen rotundum 


Pterygoid process 


Posterior opening of bony part of 
pterygoid canal 





942 


Head and neck 


Sphenopalatine foramen 
nasal cavity 


Inferior orbital fissure 
floor of orbit 


Pterygomaxillary fissure 
infratemporal fossa 


Fig. 8.146 Gateways of the pterygopalatine fossa. 


= asmall palatovaginal canal opens onto the posterior 
wall and leads to the nasopharynx; 
the palatine canal leads to the roof of the oral cavity 
(hard palate) and opens inferiorly; 
the sphenopalatine foramen opens onto the lateral wall 
of the nasal cavity and is in the medial wall; 

= the lateral aspect of the pterygopalatine fossa is contin- 
uous with the infratemporal fossa via a large gap (the 
pterygomaxillary fissure) between the posterior 
surface of the maxilla and pterygoid process of the 
sphenoid bone; 

= the superior aspect of the anterior wall of the fossa 

opens into the floor of the orbit via the inferior orbital 

fissure. 


Contents 


The maxillary nerve | V,| and terminal part of the maxillary 
artery enter and branch within the pterygopalatine fossa. 
In addition, the nerve of the pterygoid canal enters the 
fossa carrying: 


preganglionic parasympathetic fibers from the greater 
petrosal branch of the facial nerve [VII]; and 

= postganglionic sympathetic fibers from the deep petro- 
sal branch of the carotid plexus. 


The preganglionic parasympathetic fibers synapse in 
the pterygopalatine ganglion and both the sympathetic 
and postganglionic parasympathetic fibers pass with 
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cranial cavity 
(middle cranial fossa) 


Pterygoid canal 
cranial cavity 
(middle cranial fossa) 
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branches of the maxillary nerve [V,] out of the fossa and 
into adjacent regions. 

In addition to nerves and arteries, veins and lymphatics 
also pass through the pterygopalatine fossa. 


Maxillary nerve [V2] 


The maxillary nerve [V.,] is purely sensory. It originates 
from the trigeminal ganglion in the cranial cavity, exits the 
middle cranial fossa, and enters the pterygopalatine fossa 
through the foramen rotundum (Fig. 8.147). It passes 
anteriorly through the fossa and exits as the infra-orbital 
nerve through the inferior orbital fissure. 

While passing through the pterygopalatine fossa, the 
maxillary nerve [V2] gives rise to the zygomatic nerve, the 
posterior superior alveolar nerve, and two ganglionic 
branches. The two ganglionic branches originate from its 
inferior surface and pass through the pterygopalatine 
ganglion. 

Postganglionic parasympathetic fibers, arising in the 
pterygopalatine ganglion, join the general sensory 
branches of the maxillary nerve [| V,| in the pterygopalatine 
ganglion, as do postganglionic sympathetic fibers from the 
carotid plexus, and the three types of fibers leave the gan- 
glion as orbital, palatine, nasal, and pharyngeal branches. 


Branches 


Orbital branches. The orbital branches are small and 
pass through the inferior orbital fissure to contribute to the 
supply of the orbital wall and of the sphenoidal and eth- 
moidal sinuses. 


Greater and lesser palatine nerves. The greater and 
lesser palatine nerves (Fig. 8.147) pass inferiorly from 
the pterygopalatine ganglion, enter and pass through the 
palatine canal, and enter the oral surface of the palate 
through the greater and lesser palatine foramina. 

The greater palatine nerve passes forward on the roof of 
the oral cavity to innervate mucosa and glands of the hard 
palate and the adjacent gingiva, almost as far forward as 
the incisor teeth. 

In the palatine canal, the greater palatine nerve gives 
origin to posterior inferior nasal nerves, which pass 
medially through small foramina in the perpendicular 
plate of the palatine bone and contribute to the innervation 
of the lateral nasal wall. 

After passing through the lesser palatine foramen, the 
lesser palatine nerve passes posteriorly to supply the soft 
palate. 


Nasal nerves. The nasal nerves (Fig. 8.147), approxi- 
mately seven in number, pass medially through the sphe- 
nopalatine foramen to enter the nasal cavity. Most pass 
anteriorly to supply the lateral wall of the nasal cavity, 
while others pass across the roof to supply the medial 
wall. 

One of the nerves passing across the roof to supply the 
medial wall of the nasal cavity (the nasopalatine nerve) 
is the largest of the nasal nerves and passes anteriorly 
down the nasal septum, through the incisive canal and 
fossa in the hard palate to enter the roof of the oral cavity 
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and supply mucosa, gingiva, and glands adjacent to the 
incisor teeth. 


Pharyngeal nerve. The pharyngeal nerve passes posteri- 
orly from the pterygopalatine ganglion, and leaves the 
fossa through the palatovaginal canal, which it then exits 
to supply the mucosa and glands of the nasopharynx. 


Zygomatic nerve. The zygomatic nerve (Fig. 8.147) 
originates directly from the maxillary nerve [V,]| in the 
pterygopalatine fossa, which it leaves to enter the orbit 
through the inferior orbital fissure. It passes forward on the 
lateral orbital wall and divides into zygomaticotemporal 
and zygomaticofacial branches: 


= the zygomaticotemporal branch continues forward 
at the base of the lateral orbital wall, passes through a 
small bony canal in the zygomatic bone to enter the 
temporal fossa through a small foramen in the lateral 
orbital margin on the posterior surface of the frontal 
process of the zygomatic bone, and passes superficially 
to supply skin over the temple; 

= the zygomaticofacial branch also passes forward at 
the base of the lateral orbital wall, leaves through a 
small bony canal, in the orbital margin, which opens 
via multiple small foramina on the anterolateral 
surface of the zygomatic bone, and its branches supply 
the adjacent skin. 
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Fig. 8.147 Maxillary nerve [V;]. A. Terminal branches. B. In relationship to the pterygopalatine ganglion. 
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Posterior superior alveolar nerve. The posterior supe- 
rior alveolar nerve (Fig. 8.147) originates from the max- 
illary nerve [V2] in the pterygopalatine fossa and passes 
laterally out of the fossa through the pterygomaxillary 
fissure to enter the infratemporal fossa. It continues later- 
ally and inferiorly to enter the posterior surface of the 
maxilla through a small alveolar foramen approximately 
midway between the last molar tooth and the inferior 
orbital fissure. It then passes inferiorly just deep to the 
mucosa of the maxillary sinus to join the superior dental 
plexus. 

The posterior superior alveolar nerve supplies the molar 
teeth and adjacent buccal gingivae, and contributes to the 
supply of the maxillary sinus. 


Infra-orbital nerve. The infra-orbital nerve (Fig. 8.147) is 
the anterior continuation of the maxillary nerve [V,]| that 
leaves the pterygopalatine fossa through the inferior orbital 
fissure. It lies first in the infra-orbital groove in the floor of 
the orbit and then continues forward in the infra-orbital 
canal. 

While in the infra-orbital groove and canal, the infra- 
orbital nerve gives origin to middle and anterior supe- 
rior alveolar nerves, respectively, which ultimately join 
the superior alveolar plexus to supply the upper teeth: 


= the middle superior alveolar nerve also supplies the 
maxillary sinus; 

= the anterior superior alveolar nerve also gives origin to 
a small nasal branch, which passes medially through 
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the lateral wall of the nasal cavity to supply parts of the 
areas of the nasal floor and walls. 


The infra-orbital nerve exits the infra-orbital canal 
through the infra-orbital foramen inferior to the orbital 
margin and divides into nasal, palpebral, and superior 
labial branches: 


= nasal branches supply skin over the lateral aspect of the 
external nose and part of the nasal septum; 
palpebral branches supply skin of the lower eyelid; 
superior labial branches supply skin over the cheek and 
upper lip, and the related oral mucosa. 


Nerve of the pterygoid canal and the 
pterygopalatine ganglion 


The nerve of the pterygoid canal (Fig. 8.148) is formed in 
the middle cranial fossa by the union of: 


= the greater petrosal nerve (a branch of the facial nerve 
[VII]); and 

= the deep petrosal nerve (a branch of the internal carotid 
plexus). 


The nerve of the pterygoid canal passes into the ptery- 
gopalatine fossa and joins the pterygopalatine ganglion. It 
carries mainly preganglionic parasympathetic and post- 
ganglionic sympathetic fibers. 
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Fig. 8.148 Nerve of the pterygoid canal. A. Overview. B. In relationship to the pterygopalatine ganglion. 


Greater petrosal nerve 


The greater petrosal nerve, which originates from the 
geniculate ganglion of the facial nerve | VII] in the temporal 
bone, exits the temporal bone through a small canal that 
opens via a fissure onto the anterior surface of the petrous 
part of the temporal bone. It passes anteromedially along 
the posterior margin of the middle cranial fossa and then 
under the internal carotid artery to reach the superior 
surface of the cartilage filling the foramen lacerum. 

As the greater petrosal nerve passes under the internal 
carotid artery, it is joined by the deep petrosal nerve to form 
the nerve of the pterygoid canal. 

The greater petrosal nerve carries parasympathetic 
innervation to all glands above the oral fissure, 
including: 


mucous glands in the nasal cavity; 

salivary glands in the upper half of the oral cavity; 
and 

the lacrimal gland in the orbit. 


The greater petrosal nerve also carries some taste (SA) 
fibers from the soft palate in the lesser palatine nerve. 


Deep petrosal nerve 


The deep petrosal nerve is formed by postganglionic 
sympathetic fibers that originate in the superior cervical 
sympathetic ganglion in the neck and leave the ganglion 
as the internal carotid nerve. 

Preganglionic fibers that synapse in the ganglion are 
from the T1 spinal nerve. 

The internal carotid nerve forms the internal carotid 
plexus around the internal carotid artery as the internal 
carotid artery passes through the skull and into the cranial 
cavity. Some of the fibers from the internal carotid plexus 
converge to form the deep petrosal nerve, which leaves the 
internal carotid plexus in the middle cranial fossa and joins 
the greater petrosal branch of the facial nerve [VII]. 

The deep petrosal nerve carries postganglionic sympa- 
thetic fibers destined mainly for blood vessels. 


Pterygopalatine ganglion 

The nerve of the pterygoid canal enters the superior surface 
of the cartilage that fills the foramen lacerum and passes 
anteriorly through the cartilage to enter the pterygoid 
canal in the root of the pterygoid process of the sphenoid 


Regional anatomy ° Pterygopalatine fossa 


bone. It passes through the canal and into the pterygopala- 
tine fossa where it joins the pterygopalatine ganglion 
formed around the branches of the maxillary nerve [V>| 
(Fig. 8.148). 

The pterygopalatine ganglion is the largest of the 
four parasympathetic ganglia in the head and is formed by 
the cell bodies of the postganglionic neurons associated 
with preganglionic parasympathetic fibers of the facial 
nerve [VII] carried by the greater petrosal nerve and the 
nerve of the pterygoid canal. 

The postganglionic parasympathetic fibers that origi- 
nate in the pterygopalatine ganglion, together with post- 
ganglionic sympathetic fibers passing through the 
ganglion, join fibers from the ganglionic branches of the 
maxillary nerve [V2] to form orbital, palatine, nasal, and 
pharyngeal branches, which leave the ganglion. 

Other postganglionic parasympathetic and sympathetic 
fibers pass superiorly through the ganglionic branches of 
the maxillary nerve [V,| to enter the main trunk of the 
maxillary nerve and be distributed with the zygomatic, 
posterior superior alveolar, and infra-orbital nerves. Of 
these, the postganglionic parasympathetic and sympa- 
thetic fibers that pass into the orbit with the zygomatic 
nerve are particularly important because they ultimately 
innervate the lacrimal gland. 


Innervation of the lacrimal gland 


Approximately midway along the orbital wall, the post- 
ganglionic parasympathetic and sympathetic fibers leave 
the zygomaticotemporal branch of the zygomatic nerve 
and form a special autonomic nerve, which travels up the 
lateral orbital wall to join the lacrimal nerve (Fig. 8.148 
and Fig. 8.81). 

The lacrimal nerve is a major general sensory branch of 
the ophthalmic nerve [V,|, which passes forward in the 
orbit at the margin between the lateral wall and roof. 

The postganglionic parasympathetic and sympathetic 
fibers pass with the lacrimal nerve to the lacrimal gland. 

A lesion anywhere along the course of parasympathetic 
fibers that leave the brain as part of the facial nerve [VII] 
and are ultimately carried to the lacrimal gland along 
branches of the ophthalmic nerve [V,] results in “dry eye” 
and can eventually lead to loss of vision in the affected 
eye. 
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Head and neck 


Maxillary artery 


The maxillary artery is a major branch of the external 
carotid artery in the neck. It originates adjacent to the 
neck of mandible, passes forward through the infratempo- 
ral fossa, and then enters the pterygopalatine fossa through 
the pterygomaxillary fissure (Fig. 8.149). 

The part of the maxillary artery in the pterygopalatine 
fossa (the third part) is anterior to the pterygopalatine 
ganglion and gives origin to branches that accompany 
branches of the maxillary nerve |V,| and the pterygopala- 
tine ganglion. 

Branches of the maxillary artery include the posterior 
superior alveolar, infra-orbital, greater palatine, pharyn- 
geal, and sphenopalatine arteries, and the artery of the 
pterygoid canal. Collectively, these branches supply much 
of the nasal cavity, the roof of the oral cavity, and all upper 
teeth. In addition, they contribute to the blood supply of 
the sinuses, oropharynx, and floor of the orbit. 


Branches 


Posterior superior alveolar artery. The posterior supe- 
rior alveolar artery originates from the maxillary artery 
as it passes through the pterygomaxillary fissure. It meets 
the posterior superior alveolar nerve, accompanies it 
through the alveolar foramen on the infratemporal surface 
of the maxilla, and supplies the molar and premolar teeth, 
adjacent gingiva, and the maxillary sinus. 


Infra-orbital artery 
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Fig. 8.149 Maxillary artery in the pterygopalatine fossa. 


Infra-orbitalartery. The infra-orbital artery passes forward 
with the infra-orbital nerve and leaves the pterygopalatine 
fossa through the inferior orbital fissure. With the infra- 
orbital nerve, it lies in the infra-orbital groove and infra- 
orbital canal, and emerges through the infra-orbital 
foramen to supply parts of the face. 

Within the infra-orbital canal, the infra-orbital artery 
gives origin to: 


= branches that contribute to the blood supply of struc- 
tures near the floor of the orbit—the inferior rectus and 
inferior oblique muscles, and the lacrimal sac; and 

= anterior superior alveolar arteries, which supply 
the incisor and canine teeth and the maxillary sinus. 


Greater palatine artery. The greater palatine artery 
passes inferiorly with the palatine nerves into the palatine 
canal. It gives origin to a lesser palatine branch, which 
passes through the lesser palatine foramen to supply the 
soft palate, and then continues through the greater pala- 
tine foramen to supply the hard palate. The latter vessel 
passes forward on the inferior surface of the palate to enter 
the incisive fossa and pass superiorly through the incisive 
canal to supply the anterior aspect of the septal wall of the 
nasal cavity. 
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Pharyngeal branch. The pharyngeal branch of the max- 
illary artery travels posteriorly and leaves the pterygopala- 
tine fossa through the palatovaginal canal with the 
pharyngeal nerve. It supplies the posterior aspect of the 
root of the nasal cavity, the sphenoidal sinus, and the pha- 
ryngotympanic tube. 


Sphenopalatine artery. The sphenopalatine artery is 
the terminal branch of the maxillary artery. It leaves the 
pterygopalatine fossa medially through the sphenopala- 
tine foramen and accompanies the nasal nerves, giving 
off: 


= posterior lateral nasal arteries, which supply the lateral 
wall of the nasal cavity and contribute to the supply of 
the paranasal sinuses; and 

= posterior septal branches, which travel medially across 
the roof to supply the nasal septum—the largest of these 
branches passes anteriorly down the septum to anasto- 
mose with the end of the greater palatine artery. 


Artery of pterygoid canal. The artery of pterygoid canal 
passes posteriorly into the pterygoid canal. It supplies sur- 
rounding tissues and terminates, after passing inferiorly 
through cartilage filling the foramen lacerum, in the 
mucosa of the nasopharynx. 


Veins 


Veins that drain areas supplied by branches of the terminal 
part of the maxillary artery generally travel with these 
branches back into the pterygopalatine fossa. 

The veins coalesce in the pterygopalatine fossa and then 
pass laterally through the pterygomaxillary fissure to join 
the pterygoid plexus of veins in the infratemporal fossa 
(Fig. 8.150). 

The infra-orbital vein, which drains the inferior aspect 
of the orbit, may pass directly into the infratemporal fossa 
through the lateral aspect of the inferior orbital fissure, so 
bypassing the pterygopalatine fossa. 


NECK 


The neck is a tube providing continuity from the head to 
the trunk. It extends anteriorly from the lower border of 
the mandible to the upper surface of the manubrium of 
sternum, and posteriorly from the superior nuchal line on 
the occipital bone of the skull to the intervertebral disc 
between the CVII and TI vertebrae. Within the tube, four 
compartments provide longitudinal organization (Fig. 
8.151): 


= the visceral compartment is anterior and contains parts 
of the digestive and respiratory systems, and several 
endocrine glands; 

= the vertebral compartment is posterior and contains 
the cervical vertebrae, spinal cord, cervical nerves, and 
muscles associated with the vertebral column; 

= the two vascular compartments, one on each side, are 
lateral and contain the major blood vessels and the 
vagus nerve |X]. 


Infra-orbital vein 
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Fig. 8.150 Veins of the pterygopalatine fossa. 
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Fig. 8.151 Compartments of the neck. 
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Head and neck 


All these compartments are contained within unique 
layers of cervical fascia. 

For descriptive purposes the neck is divided into anterior 
and posterior triangles (Fig. 8.152): 


= the boundaries of the anterior triangle are the ante- 
rior border of the sternocleidomastoid muscle, the infe- 
rior border of the mandible, and the midline of the 
neck; 

= the boundaries of the posterior triangle are the pos- 
terior border of the sternocleidomastoid muscle, the 
anterior border of the trapezius muscle, and the middle 
one-third of the clavicle. 


Fascia 


The fascia of the neck has a number of unique features. 
The superficial fascia in the neck contains a thin sheet 
of muscle (the platysma), which begins in the superficial 
fascia of the thorax, runs upward to attach to the mandible 
and blend with the muscles on the face, is innervated by 
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Fig. 8.152 Anterior and posterior triangles of the neck. 


the cervical branch of the facial nerve [VII], and is only 
found in this location. 

Deep to the superficial fascia, the deep cervical fascia is 
organized into several distinct layers (Fig. 8.151). These 
include: 


= an investing layer, which surrounds all structures in 
the neck; 

= the prevertebral layer, which surrounds the vertebral 
column and the deep muscles associated with the 
back; 

= the pretracheal layer, which encloses the viscera of the 
neck; and 

= the carotid sheaths, which receive a contribution from 
the other three fascial layers and surround the two 
major neurovascular bundles on either side of the 
neck. 


Investing layer 


The investing layer completely surrounds the neck (Fig. 
8.153). 

Attaching posteriorly to the ligamentum nuchae and 
the spinous process of the CVII vertebra, this fascial layer 
splits as it passes forward to enclose the trapezius muscle, 
reunites into a single layer as it forms the roof of the pos- 
terior triangle, splits again to surround the sternocleido- 
mastoid muscle, and reunites again to join its twin from 
the other side. 

Anteriorly, the investing fascia surrounds the infrahy- 
oid muscles. 

The investing fascia is attached: 


= superiorly to the external occipital protuberance and 
the superior nuchal line; 

= laterally to the mastoid process and zygomatic arch; 
and 

= inferiorly to the spine of the scapula, the acromion, the 
clavicle, and the manubrium of sternum. 


The external and anterior jugular veins, and the lesser 
occipital, great auricular, transverse cervical, and supra- 
clavicular nerves, all branches of the cervical plexus, pierce 
the investing fascia. 


Prevertebral layer 


The prevertebral layer is a cylindrical layer of fascia that 
surrounds the vertebral column and the muscles associ- 
ated with it (Fig. 8.153). Muscles in this group include the 
prevertebral muscles, the anterior, middle, and posterior 
scalene muscles, and the deep muscles of the back. 
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Fig. 8.153 Fascia of neck, transverse view. 
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Fig. 8.154 Fascia of the neck, sagittal view. 


The prevertebral fascia is attached posteriorly along the 
length of the ligamentum nuchae, and superiorly forms a 
continuous circular line attaching to the base of the skull. 
This circle begins: 


= anteriorly as the fascia attaches to the basilar part of the 
occipital bone, the area of the jugular foramen, and the 
carotid canal; 

= continues laterally, attaching to the mastoid process; 
and 

= continues posteriorly along the superior nuchal line 
ending at the external occipital protuberance, where it 
associates with its partner from the opposite side. 


Anteriorly, the prevertebral fascia is attached to the 
anterior surfaces of the transverse processes and bodies of 
vertebrae CI to CVII. 
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The prevertebral fascia passing between the attachment 
points on the transverse processes is unique. In this loca- 
tion, it splits into two layers, creating a longitudinal fascial 
space containing loose connective tissue that extends from 
the base of the skull through the thorax (Figs. 8.153 and 
8.154). 

There is one additional specialization of the prevertebral 
fascia in the lower region of the neck. The prevertebral 
fascia in an anterolateral position extends from the 
anterior and middle scalene muscles to surround the bra- 
chial plexus and subclavian artery as these structures pass 
into the axilla. This fascial extension is the axillary 
sheath. 
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Head and neck 


Pretracheal layer 


The pretracheal layer consists of a collection of fascias 
that surround the trachea, esophagus, and thyroid gland 
(Fig. 8.153). Anteriorly, it consists of a pretracheal fascia 
that crosses the neck, just posterior to the infrahyoid 
muscles, and covers the trachea and the thyroid gland. The 
pretracheal fascia begins superiorly at the hyoid bone and 
ends inferiorly in the upper thoracic cavity. Laterally, this 
fascia continues and covers the thyroid gland and 
the esophagus. 

Posteriorly, the pretracheal layer is referred to as the 
buccopharyngeal fascia and separates the pharynx and the 
esophagus from the prevertebral layer (Fig. 8.154). 

The buccopharyngeal fascia begins superiorly at the 
base of the skull and ends inferiorly in the thoracic 
cavity. 


Carotid sheath 


Each carotid sheath is a column of fascia that surrounds 
the common carotid artery, the internal carotid artery, the 
internal jugular vein, and the vagus nerve as these struc- 
tures pass through the neck (Fig. 8.153). 

It receives contributions from the investing, preverte- 
bral, and pretracheal layers, though the extent of each 
component’s contribution varies. 


Fascial compartments 


The arrangement of the various layers of cervical fascia 
organizes the neck into four longitudinal compartments 
(Fig. 8.151): 


the first compartment is the largest, includes the other 
three, and consists of the area surrounded by the 
investing layer; 

the second compartment consists of the vertebral 
column, the deep muscles associated with this struc- 
ture, and is the area contained within the prevertebral 
layer; 

the third compartment (the visceral compartment) con- 
tains the pharynx, the trachea, the esophagus, and the 


thyroid gland, which are surrounded by the pretracheal 
layer; 

finally, there isa compartment (the carotid sheath) con- 
sisting of the neurovascular structures that pass from 
the base of the skull to the thoracic cavity, and the 
sheath enclosing these structures receives contribu- 
tions from the other cervical fascias. 


Fascial spaces 


Between the fascial layers in the neck are spaces that may 
provide a conduit for the spread of infections from the neck 
to the mediastinum. 

Three spaces could be involved in this process (Fig. 
8.154): 


the first is the pretracheal space between the invest- 
ing layer of cervical fascia (covering the posterior 
surface of the infrahyoid muscles) and the pretracheal 
fascia (covering the anterior surface of the trachea and 
the thyroid gland), which passes between the neck and 
the anterior part of the superior mediastinum; 

the second is the retropharyngeal space between the 
buccopharyngeal fascia (on the posterior surface of the 
pharynx and esophagus) and the prevertebral fascia 
(on the anterior surface of the transverse processes and 
bodies of the cervical vertebrae), which extends from 
the base of the skull to the upper part of the posterior 
mediastinum; 

the third space is within the prevertebral layer cover- 
ing the anterior surface of the transverse processes and 
bodies of the cervical vertebrae. This layer splits into 
two laminae to create a fascial space that begins at the 
base of the skull and extends through the posterior 
mediastinum to the diaphragm. 


Superficial venous drainage 


The external jugular and anterior jugular veins are the 
primary venous channels for superficial venous drainage 
of the neck (Fig. 8.155). 
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Fig. 8.155 Superficial veins of neck. 
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External jugular veins 


The external jugular vein is formed posterior to the angle 
of mandible as the posterior auricular vein and the ret- 
romandibular vein join: 


the posterior auricular vein drains the scalp behind and 
above the ear; 

the retromandibular vein is formed when the superfi- 
cial temporal and maxillary veins join in the sub- 
stance of the parotid gland and descends to the angle of 
mandible where it divides into an anterior and a poste- 
rior division (Fig. 8.155)—the posterior division joins 
the posterior auricular vein to form the external jugular 
vein, the anterior division joins the facial vein, to form 
the common facial vein, which passes deep and becomes 
a tributary to the internal jugular vein. 


Once formed, the external jugular vein passes straight 
down the neck in the superficial fascia and is superficial to 
the sternocleidomastoid muscle throughout its course, 
crossing it diagonally as it descends. 

Reaching the lower part of the neck, just superior to the 
clavicle and immediately posterior to the sternocleidomas- 
toid muscle, the external jugular vein pierces the investing 
layer of cervical fascia, passes deep to the clavicle, and 
enters the subclavian vein. 

Tributaries received by the external jugular vein along 
its course include the posterior external jugular vein 
(draining superficial areas of the back of the neck) and the 
transverse cervical and suprascapular veins (draining 
the posterior scapular region). 


Anterior jugular veins 


The anterior jugular veins, although variable and 
inconsistent, are usually described as draining the anterior 
aspect of the neck (Fig. 8.155). These paired venous chan- 
nels, which begin as small veins, come together at or just 
superior to the hyoid bone. Once formed, each anterior 
jugular vein descends on either side of the midline of the 
neck. 

Inferiorly, near the medial attachment of the sterno- 
cleidomastoid muscle, each anterior jugular vein pierces 
the investing layer of cervical fascia to enter the subclavian 
vein. Occasionally, the anterior jugular vein may enter the 
external jugular vein immediately before the external 
jugular vein enters the subclavian vein. 

Often, the right and left anterior jugular veins commu- 
nicate with each other, being connected by a jugular 
venous arch in the area of the suprasternal notch. 


In the clinic 


Fascial planes of the head and neck 

The neck contains a series of compartments, which are 
bound by tight fascia. All these compartments are 
within the overall investing layer of cervical fascia. From 
a clinical perspective the importance of these 
compartments is that infection tends to spread within 
compartments or within the spaces between the 
various fascial layers. For example, if infection arises in 
the pretracheal space it may spread inferiorly into the 
superior mediastinum and lie anterior to the 
pericardium. 


In the clinic 


Central venous access 
In most instances, access to peripheral veins of the arm 
and the leg will suffice for administering intravenous 
drugs and fluids and for obtaining blood for analysis. In 
certain circumstances it is necessary to place larger-bore 
catheters in the central veins, for example for dialysis, 
parenteral nutrition, or the administration of drugs that 
have a tendency to produce phlebitis. 

“Blind puncture” of the subclavian and jugular veins to 


obtain central venous access used to be standard practice. 


However, subclavian vein puncture is not without 
complications. As the subclavian vein passes inferiorly, 
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posterior to the clavicle, it passes over the apex of the 
lung. Any misplacement of a needle into or through this 
structure may puncture the apical pleura, producing a 
pneumothorax. Inadvertent arterial puncture and vein 
laceration may also produce a hemopneumothorax. 

A puncture of the internal jugular vein (Fig. 8.156) 
carries fewer risks, but local hematoma and damage to the 
carotid artery are again important complications. 

Current practice is to identify major vessels using 
ultrasound and to obtain central venous access under 
direct vision to avoid any significant complication. 





Tip in right atrium 


Fig. 8.156 Placing a central venous catheter in the neck. A. Clinical procedure. B. Chest radiograph showing that the tip of the catheter 


is in the origin of the right atrium. 
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Head and neck 


Anterior triangle of the neck 


The anterior triangle of the neck is outlined by the anterior 
border of the sternocleidomastoid muscle laterally, the 
inferior border of the mandible superiorly, and the midline 
of the neck medially (Fig. 8.157). It is further subdivided 
into several smaller triangles as follows: 


= the submandibular triangle is outlined by the infe- 
rior border of the mandible superiorly and the anterior 
and posterior bellies of the digastric muscle inferiorly; 

= the submental triangle is outlined by the hyoid bone 
inferiorly, the anterior belly of the digastric muscle lat- 
erally, and the midline; 

= the muscular triangle is outlined by the hyoid bone 
superiorly, the superior belly of the omohyoid muscle, 
and the anterior border of the sternocleidomastoid 
muscle laterally, and the midline; 

= the carotid triangle is outlined by the superior belly 
of the omohyoid muscle anteroinferiorly, the stylohyoid 
muscle and posterior belly of the digastric superiorly, 
and the anterior border of the sternocleidomastoid 
muscle posteriorly. 


Each of these triangles contains numerous structures 
that can be identified as being within a specific triangle, 
passing into a specific triangle from outside the area, origi- 
nating in one triangle and passing to another triangle, or 
passing through several triangles while passing through 
the region. 

A discussion of the anterior triangle of the neck must 
therefore combine a systemic approach, describing the 
muscles, vessels, and nerves in the area, with a regional 
approach, describing the contents of each triangle. 


Muscles 


The muscles in the anterior triangle of the neck (Table 
8.12) can be grouped according to their location relative 
to the hyoid bone: 


= muscles superior to the hyoid are classified as suprahy- 
oid muscles and include the stylohyoid, digastric, 
mylohyoid, and geniohyoid; 

= muscles inferior to the hyoid are infrahyoid muscles 
and include the omohyoid, sternohyoid, thyrohyoid, 
and sternothyroid. 
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Fig. 8.157 Borders and subdivisions of the anterior triangle of the neck. 
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Table 8.12 Muscles in the anterior triangle of the neck 


Muscle Origin 

Stylohyoid Base of styloid process 

Digastric Digastric fossa on lower 

—Anterior inside of mandible 

belly 

—Posterior Mastoid notch on medial 

belly side of mastoid process 
of temporal bone 

Mylohyoid Mylohyoid line on 
mandible 

Geniohyoid Inferior mental spine on 
inner surface of 
mandible 

Sternohyoid Posterior aspect of 
sternoclavicular joint 
and adjacent 
manubrium of sternum 

Omohyoid Superior border of 
scapula medial to 
suprascapular notch 

Thyrohyoid Oblique line on lamina 
of thyroid cartilage 

Sternothyroid Posterior surface of 


manubrium of sternum 


Suprahyoid muscles 


Insertion 


Lateral area of body of 
hyoid bone 


Attachment of tendon 
between two bellies to 
body of hyoid bone 


Body of hyoid bone and 
fibers from muscle on 
opposite side 


Anterior surface of body of 
hyoid bone 


Body of hyoid bone medial 
to attachment of 
omohyoid muscle 


Lower border of body of 
hyoid bone just lateral to 
attachment of sternohyoid 


Greater horn and adjacent 
aspect of body of hyoid 
bone 


Oblique line on lamina of 
thyroid cartilage 


Innervation 


Facial nerve [VII] 


Mylohyoid nerve from 
inferior alveolar branch of 
mandibular nerve [V3] 


Facial nerve [VII] 


Mylohyoid nerve from 
inferior alveolar branch of 
mandibular nerve [V3] 


Branch from anterior 
ramus of C1 (carried along 
the hypoglossal nerve [XII]) 


Anterior rami of C1 to C3 
through the ansa cervicalis 


Anterior rami of C1 to C3 
through the ansa cervicalis 


Fibers from anterior ramus 
of C1 carried along 
hypoglossal nerve [XII] 


Anterior rami of C1 to C3 
through the ansa cervicalis 





Function 


Pulls hyoid bone upward in a 
posterosuperior direction 


Opens mouth by lowering 
mandible; raises hyoid bone 


Pulls hyoid bone upward and back 


Support and elevation of floor of 
mouth; elevation of hyoid 


Fixed mandible elevates and pulls 
hyoid bone forward; fixed hyoid 
bone pulls mandible downward and 
inward 


Depresses hyoid bone after 
swallowing 


Depresses and fixes hyoid bone 


Depresses hyoid bone, but when 
hyoid bone is fixed raises larynx 


Draws larynx (thyroid cartilage) 
downward 


The four pairs of suprahyoid muscles are in the submental 
and submandibular triangles (Fig. 8.157). They pass in a 
superior direction from the hyoid bone to the skull or man- 
dible and raise the hyoid, as occurs during swallowing. 


Stylohyoid 

The stylohyoid muscle arises from the base of the styloid 
process and passes anteroinferiorly to attach to the lateral 
area of the body of the hyoid bone (Fig. 8.158). During 
swallowing it pulls the hyoid bone posterosuperiorly and it 
is innervated by the facial nerve [VII]. 


Digastric 
The digastric muscle has two bellies connected by a 


tendon, which attaches to the body of the hyoid bone (Fig. 
8.158): 


= the posterior belly arises from the mastoid notch on 
the medial side of the mastoid process of the temporal 
bone; 


= the anterior belly arises from the digastric fossa on the 
lower inside of the mandible. 


The tendon between the two bellies, which is attached 
to the body of the hyoid bone, is the point of insertion of 
both bellies. Because of this arrangement, the muscle has 
multiple actions depending on which bone is fixed: 


= when the mandible is fixed, the digastric muscle raises 
the hyoid bone; 

= when the hyoid bone is fixed, the digastric muscle opens 
the mouth by lowering the mandible. 


Innervation of the digastric muscle is from two different 
cranial nerves. 

The innervation of the posterior belly of the digastric 
muscle is by the facial nerve [VII], whereas the anterior 
belly of the muscle is innervated by the mandibular divi- 
sion [V3] of the trigeminal nerve [V]. 


955 





Head and neck 


Mylohyoid 


The mylohyoid muscle is superior to the anterior belly of 
the digastric and, with its partner from the opposite side, 
forms the floor of the mouth (Fig. 8.158). It originates from 
the mylohyoid line on the medial surface of the body of the 
mandible and inserts into the hyoid bone and also blends 
with the mylohyoid muscle from the opposite side. 

This mylohyoid muscle supports and elevates the floor 
of the mouth and elevates the hyoid bone. It is innervated 
by the mandibular division [V3] of the trigeminal nerve 
[V]. 


Geniohyoid 
The geniohyoid muscle is the final muscle in the supra- 
hyoid group (Fig. 8.158). A narrow muscle, it is superior 
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Fig. 8.158 Suprahyoid muscles. A. Lateral view. B. Inferior view. 


to the medial part of each mylohyoid muscle. The muscles 
from each side are next to each other in the midline. 

The geniohyoid arises from the inferior mental spine of 
the mandible and passes backward and downward to insert 
on the body of the hyoid bone. 

It has two functions depending on which bone is fixed: 


fixation of the mandible elevates and pulls the hyoid 
bone forward; 

= fixation of the hyoid bone pulls the mandible downward 
and inward. 


The geniohyoid is innervated by a branch from the 
anterior ramus of C1 carried along the hypoglossal nerve 
[XII]. 


Infrahyoid muscles 


The four infrahyoid muscles are in the muscular triangle 
(Fig. 8.157). They attach the hyoid bone to inferior struc- 
tures and depress the hyoid bone. They also provide a 
stable point of attachment for the suprahyoid muscles. 
Because of their appearance, they are sometimes referred 
to as the “strap muscles.” 


Sternohyoid 


The sternohyoid muscle is a long, thin muscle originating 
from the posterior aspect of the sternoclavicular joint and 
adjacent manubrium of sternum (Fig. 8.159). It ascends to 
insert onto the body of the hyoid bone. It depresses the 
hyoid bone and is innervated by the anterior rami of C1 to 
C3 through the ansa cervicalis. 


Omohyoid 


Lateral to the sternohyoid muscle is the omohyoid muscle 
(Fig. 8.159). This muscle consists of two bellies with an 
intermediate tendon in both the posterior and anterior tri- 
angles of the neck: 


the inferior belly begins on the superior border of the 
scapula, medial to the suprascapular notch, and passes 
forward and upward across the posterior triangle 
ending at the intermediate tendon; 
the superior belly begins at the intermediate tendon 
and ascends to attach to the body of the hyoid bone just 
lateral to the attachment of the sternohyoid; 

= the intermediate tendon is attached to the clavicle, near 
its medial end, by a fascial sling. 


The omohyoid depresses and fixes the hyoid bone. It is 
innervated by the anterior rami of C1 to C3 through the 
ansa cervicalis. 
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Fig. 8.159 Infrahyoid muscles. 
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Thyrohyoid 

The thyrohyoid muscle is deep to the superior parts of the 
omohyoid and sternohyoid (Fig. 8.159). Originating at the 
oblique line on the lamina of the thyroid cartilage it passes 
upward to insert into the greater horn and adjacent aspect 
of the body of the hyoid bone. 

The thyrohyoid muscle has variable functions depend- 
ing on which bone is fixed. Generally, it depresses the 
hyoid, but when the hyoid is fixed it raises the larynx (e.g., 
when high notes are sung). It is innervated by fibers from 


the anterior ramus of C1 that travel with the hypoglossal 
nerve [XII]. 


Sternothyroid 


Lying beneath the sternohyoid and in continuity with the 
thyrohyoid, the sternothyroid is the last muscle in the 
infrahyoid group (Fig. 8.159). It arises from the posterior 
surface of the manubrium of sternum and passes upward 
to attach to the oblique line on the lamina of the thyroid 
cartilage. 

The sternothyroid muscle draws the larynx (thyroid 
cartilage) downward and is innervated by the anterior 
rami of C1 to C3 through the ansa cervicalis. 


Vessels 


Passing through the anterior triangle of the neck are the 
common carotid arteries and their branches, the external 
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Fig. 8.160 Origin of common carotid arteries. 


and internal carotid arteries. These vessels supply all struc- 
tures of the head and neck. 

Associated with this arterial system are the internal 
jugular vein and its tributaries. These vessels receive blood 
from all structures of the head and neck. 


Carotid system 
Common carotid arteries 


The common carotid arteries are the beginning of the 
carotid system (Fig. 8.160): 


the right common carotid artery originates from 
the brachiocephalic trunk immediately posterior to the 
right sternoclavicular joint and is entirely in the neck 
throughout its course; 

the left common carotid artery begins in the thorax 
as a direct branch of the arch of the aorta and passes 
superiorly to enter the neck near the left sternoclavicu- 
lar joint. 


Both right and left common carotid arteries ascend 
through the neck, just lateral to the trachea and esopha- 
gus, within a fascial compartment (the carotid sheath). 
They give off no branches as they pass through the neck. 

Near the superior edge of the thyroid cartilage each 
common carotid artery divides into its two terminal 
branches—the external and internal carotid arteries 
(Fig. 8.161). 
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Fig. 8.161 Carotid system. 


The superior part of each common carotid artery and its 
division into external and internal carotid arteries occurs 
in the carotid triangle (Fig. 8.162), which is a subdivision 
of the anterior triangle of the neck (see Fig. 8.157). 

At the bifurcation, the common carotid artery and the 
beginning of the internal carotid artery are dilated. This 
dilation is the carotid sinus and contains receptors that 
monitor changes in blood pressure and are innervated by 
a branch of the glossopharyngeal nerve [IX]. 

Another accumulation of receptors in the area of the 
bifurcation is responsible for detecting changes in blood 
chemistry, primarily oxygen content. This is the carotid 
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body and is innervated by branches from both the glosso- 
pharyngeal |IX] and vagus [X] nerves. 


Internal carotid arteries 


After its origin, the internal carotid artery ascends toward 
the base of the skull (Fig. 8.161). It gives off no branches 
in the neck and enters the cranial cavity through the 
carotid canal in the petrous part of the temporal bone. 

The internal carotid arteries supply the cerebral hemi- 
spheres, the eyes and the contents of the orbits, and the 
forehead. 
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Head and neck 


External carotid artery 


Internal carotid artery 


Posterior belly of digastric muscle 





Carotid triangle 


Superior belly of 
omohyoid muscle 


External carotid arteries 


The external carotid arteries begin giving off branches 
immediately after the bifurcation of the common carotid 
arteries (Fig. 8.161 and Table 8.13) as follows: 


the superior thyroid artery is the first branch, arises 
from the anterior surface near or at the bifurcation, and 
passes in a downward and forward direction to reach 
the superior pole of the thyroid gland; 

the ascending pharyngeal artery is the second and 
smallest branch—it arises from the posterior aspect of 
the external carotid artery and ascends between the 
internal carotid artery and the pharynx; 

the lingual artery arises from the anterior surface of 
the external carotid artery just above the superior 
thyroid artery at the level of the hyoid bone, passes deep 
to the hypoglossal nerve [XII], and passes between the 
middle constrictor and hyoglossus muscles; 


the facial artery is the third anterior branch of the 
external carotid artery, arises just above the lingual 
artery, passes deep to the stylohyoid and posterior belly 
of the digastric muscles, continues deep between the 
submandibular gland and mandible, and emerges over 
the edge of the mandible just anterior to the masseter 
muscle, to enter the face; 


Common carotid artery 


Sternocleidomastoid 
muscle 





Fig. 8.162 Carotid triangle. 


Table 8.13 Branches of the external carotid artery 


Branch Supplies 

Superior thyroid artery Thyrohyoid muscle, internal structures of the larynx, sternocleidomastoid and cricothyroid muscles, thyroid 
gland 

Ascending pharyngeal artery Pharyngeal constrictors and stylopharyngeus muscle, palate, tonsil, pharyngotympanic tube, meninges in 


posterior cranial fossa 
Lingual artery Muscles of the tongue, palatine tonsil, soft palate, epiglottis, floor of mouth, sublingual gland 


Facial artery All structures in the face from the inferior border of the mandible anterior to the masseter muscle to the 
medial corner of the eye, the soft palate, palatine tonsil, pharyngotympanic tube, submandibular gland 


Occipital arter Sternocleidomastoid muscle, meninges in posterior cranial fossa, mastoid cells, deep muscles of the back, 
y g p 
posterior scalp 


Posterior auricular artery Parotid gland and nearby muscles, external ear and scalp posterior to ear, middle and inner ear structures 


Superficial temporal artery Parotid gland and duct, masseter muscle, lateral face, anterior part of external ear, temporalis muscle, parietal 
and temporal fossae 


Maxillary artery External acoustic meatus, lateral and medial surface of tympanic membrane, temporomandibular joint, dura 
mater on lateral wall of skull and inner table of cranial bones, trigeminal ganglion and dura in vicinity, 
mylohyoid muscle, mandibular teeth, skin on chin, temporalis muscle, outer table of bones of skull in 
temporal fossa, structures in infratemporal fossa, maxillary sinus, upper teeth and gingivae, infra-orbital skin, 
palate, roof of pharynx, nasal cavity 
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the occipital artery arises from the posterior surface 
of the external carotid artery, near the level of origin of 
the facial artery, passes upward and posteriorly deep to 
the posterior belly of the digastric muscle, and emerges 
on the posterior aspect of the scalp; 

the posterior auricular artery is a small branch 
arising from the posterior surface of the external carotid 
artery, and passes upward and posteriorly; 

the superficial temporal artery is one of the terminal 
branches and appears as an upward continuation of 
the external carotid artery—beginning posterior to the 
neck of mandible, it passes anterior to the ear, crosses 
the zygomatic process of the temporal bone, and above 
this point divides into anterior and posterior branches; 
the maxillary artery is the larger of the two terminal 
branches of the external carotid artery—arising poste- 
rior to the neck of mandible, it passes through the 
parotid gland, continues medial to the neck of mandible 
and into the infratemporal fossa, and continues through 
this area into the pterygopalatine fossa. 


Veins 


Collecting blood from the skull, brain, superficial face, and 
parts of the neck, the internal jugular vein begins as a 
dilated continuation of the sigmoid sinus, which is a 
dural venous sinus. This initial dilated part is referred to as 
the superior bulb of jugular vein and receives another 
dural venous sinus (the inferior petrosal sinus) soon 
after it is formed. It exits the skull through the jugular 
foramen associated with the glossopharyngeal [IX], vagus 
[X], and accessory [XI] nerves, and enters the carotid 
sheath. 

The internal jugular vein traverses the neck within the 
carotid sheath, initially posterior to the internal carotid 
artery, but passes to a more lateral position farther down. 
It remains lateral to the common carotid artery through 
the rest of the neck with the vagus nerve [X] posterior and 
partially between the two vessels. 

The paired internal jugular veins join with the subcla- 
vian veins posterior to the sternal end of the clavicle to 
form the right and left brachiocephalic veins (Fig. 
8.160). 

Tributaries to each internal jugular vein include the 
inferior petrosal sinus, and the facial, lingual, pharyn- 
geal, occipital, superior thyroid, and middle thyroid 
veins. 


Nerves 


Numerous cranial and peripheral nerves: 


pass through the anterior triangle of the neck as they 
continue to their final destination; 
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In the clinic 


Jugular venous pulse 

The jugular venous pulse is an important clinical sign 
that enables the physician to assess the venous 
pressure and waveform and is a reflection of the 
functioning of the right side of the heart. 


send branches to structures in or forming boundaries of 
the anterior triangle of the neck; and 

while in the anterior triangle of the neck, send branches 
to nearby structures. 


The cranial nerves in these categories include the facial 
[VII], glossopharyngeal [IX], vagus [X], accessory [XI], and 
hypoglossal [XII]. 

Branches of spinal nerves in these categories include the 
transverse cervical nerve from the cervical plexus and the 
upper and lower roots of the ansa cervicalis. 


Facial nerve [VII] 


After emerging from the stylomastoid foramen, the facial 
nerve [VII] gives off branches that innervate two muscles 
associated with the anterior triangle of the neck: 


the posterior belly of the digastric; 
stylohyoid. 


The facial nerve [VII] also innervates platysma muscle 
that overlies the anterior triangle and part of the posterior 
triangle of the neck. 


Glossopharyngeal nerve [IX] 


The glossopharyngeal nerve [IX] leaves the cranial cavity 
through the jugular foramen. It begins its descent between 
the internal carotid artery and the internal jugular vein, 
lying deep to the styloid process and the muscles associated 
with the styloid process. As the glossopharyngeal nerve 
[IX] completes its descent, it passes forward between the 
internal and external carotid arteries, and curves around 
the lateral border of the stylopharyngeus muscle (Fig. 
8.163). At this point, it continues in an anterior direction, 
deep to the hyoglossus muscle, to reach the base of the 
tongue and the area of the palatine tonsil. 

As the glossopharyngeal nerve [IX] passes through the 
area of the anterior triangle of the neck it innervates the 
stylopharyngeus muscle, sends a branch to the carotid 
sinus, and supplies sensory branches to the pharynx. 
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Head and neck 


Vagus nerve [X] 


The vagus nerve [X] exits the cranial cavity through the 
jugular foramen between the glossopharyngeal [IX] and 
accessory [XI] nerves. 

Outside the skull the vagus nerve [X] enters the carotid 
sheath and descends through the neck enclosed in this 
structure medial to the internal jugular vein and posterior 
to the internal carotid and common carotid arteries (Fig. 
8.164). 

Branches of the vagus nerve [X] as it passes through the 
anterior triangle of the neck include a motor branch to the 
pharynx, a branch to the carotid body, the superior laryn- 
geal nerve (which divides into external and internal laryn- 
geal branches), and possibly a cardiac branch. 


Stylopharyngeus muscle Glossopharyngeal nerve [IX] 


Hyoglossus muscle Internal jugular vein 





Carotid sinus branch 


External carotid artery Pharyngeal branch 


Fig. 8.163 Glossopharyngeal nerve [IX] in the anterior triangle of 
the neck. 


Accessory nerve [XI] 


The accessory nerve [XI] is the most posterior of the three 
cranial nerves exiting the cranial cavity through the 
jugular foramen. It begins its descent medial to the internal 
jugular vein, emerging from between the internal jugular 
vein and internal carotid artery to cross the lateral surface 
of the internal jugular vein as it passes downward and 
backward to disappear either into or beneath the anterior 
border of the sternocleidomastoid muscle (Fig. 8.165). 

The accessory nerve gives off no branches as it passes 
through the anterior triangle of the neck. 
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Fig. 8.164 Vagus nerve [X] in the anterior triangle of the neck. 
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Fig. 8.165 Accessory nerve [XI] in the anterior triangle of the 
neck. 


Hypoglossal nerve [XII] 


The hypoglossal nerve [XII] leaves the cranial cavity 
through the hypoglossal canal and is medial to the internal 
jugular vein and internal carotid artery immediately 
outside the skull. As it descends, it passes outward between 
the internal jugular vein and internal carotid artery (Fig. 
8.166). At this point it passes forward, hooking around the 
occipital artery, across the lateral surfaces of the internal 
and external carotid arteries and the lingual artery, and 
then continues deep to the posterior belly of the digastric 
and stylohyoid muscles. It passes over the surface of the 
hyoglossus muscle and disappears deep to the mylohyoid 
muscle. 

The hypoglossal nerve [XII], which supplies the tongue, 
does not give off any branches as it passes through the 
anterior triangle of the neck. 


Transverse cervical nerve 


The transverse cervical nerve is a branch of the cervical 
plexus arising from the anterior rami of cervical nerves C2 
and C3. It emerges from beneath the posterior border of the 
sternocleidomastoid muscle, near the middle of the muscle, 
and loops around the sternocleidomastoid to cross its ante- 
rior surface in a transverse direction (Fig. 8.167). It con- 
tinues across the neck and provides cutaneous innervation 
to this area. 
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Fig. 8.166 Hypoglossal nerve [XII] in the anterior triangle of 
the neck. 
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Fig. 8.167 Transverse cervical nerve in the anterior triangle of 


the neck. 963 
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Head and neck 


Ansa cervicalis 


The ansa cervicalis is a loop of nerve fibers from cervical 
nerves C1 to C3 that innervate the “strap muscles” in the 
anterior triangle of the neck (Fig. 8.168). It begins as 
branches from the cervical nerve C1 join the hypoglossal 
nerve [XII] soon after it leaves the skull. 

As the hypoglossal nerve [XII] completes its descent and 
begins to pass forward across the internal and external 
carotid arteries, some of the cervical nerve fibers leave it 
and descend between the internal jugular vein and the 
internal, and then common, carotid arteries. These nerve 
fibers are the superior root of the ansa cervicalis and 
innervate the superior belly of the omohyoid muscle, and 
the upper parts of the sternohyoid and sternothyroid 
muscles. 

Completing the loop is a direct branch from the cervical 
plexus containing nerve fibers from the second and third 
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Fig. 8.168 Ansa cervicalis. 


cervical nerves C2 and C3 (Fig. 8.168). This is the inferior 
root of the ansa cervicalis. It descends either medial or 
lateral to the internal jugular vein before turning medially 
to join the superior root. At this location, the ansa cervi- 
calis gives off branches that innervate the inferior belly of 
the omohyoid, and the lower parts of the sternohyoid and 
sternothyroid muscles. 


Thyroid and parathyroid glands 


The thyroid and parathyroid glands are endocrine glands 
positioned anteriorly in the neck. 

Both glands begin as pharyngeal outgrowths that 
migrate caudally to their final position as development 
continues. 

The thyroid gland is a large, unpaired gland, while the 
parathyroid glands, usually four in number, are small and 
are on the posterior surface of the thyroid gland. 
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lateral lobes and crosses the anterior surfaces of the second 
Thyroid gland and third tracheal cartilages. 
The thyroid gland is anterior in the neck below and lateral Lying deep to the sternohyoid, sternothyroid, and omo- 
to the thyroid cartilage (Fig. 8.169). It consists of two hyoid muscles, the thyroid gland is in the visceral compart- 
lateral lobes (which cover the anterolateral surfaces of | ment of the neck. This compartment also includes the 
the trachea, the cricoid cartilage, and the lower part of the pharynx, trachea, and esophagus and is surrounded by the 
thyroid cartilage) with an isthmus that connects the pretracheal layers of fascia. 
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Fig. 8.169 Thyroid gland in the anterior triangle of neck. A. Anterior view. B. Transverse view. C. Ultrasound scan—compound axial view of 
the neck. D. Ultrasound scan—axial view of the neck. E. Nuclear medicine scan—normal thyroid uptake of pertechnetate in the neck. 965 
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Head and neck 


The thyroid gland arises as a median outgrowth from 
the floor of the pharynx near the base of the tongue. The 
foramen cecum of the tongue indicates the site of origin 
and the thyroglossal duct marks the path of migration of 
the thyroid gland to its final adult location. The thyroglos- 
sal duct usually disappears early in development, but rem- 
nants may persist as a cyst or as a connection to the 
foramen cecum (i.e., a fistula). 

There may also be functional thyroid gland: 


associated with the tongue (a lingual thyroid); 
anywhere along the path of migration of the thyroid 
gland; or 

= extending upward from the gland along the path of the 
thyroglossal duct (a pyramidal lobe). 


Arterial supply 
Two major arteries supply the thyroid gland. 


Superior thyroid artery. The superior thyroid artery is the 
first branch of the external carotid artery (Fig. 8.170). It 
descends, passing along the lateral margin of the thyrohy- 
oid muscle, to reach the superior pole of the lateral lobe of 
the gland where it divides into anterior and posterior glan- 
dular branches: 
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Fig. 8.170 Vasculature of the thyroid: anterior view. 


= the anterior glandular branch passes along the 
superior border of the thyroid gland and anastomoses 
with its twin from the opposite side across the 
isthmus; 

= the posterior glandular branch passes to the poste- 
rior side of the gland and may anastomose with the 
inferior thyroid artery (Fig. 8.171). 


Inferior thyroid artery. The inferior thyroid artery is a 
branch of the thyrocervical trunk, which arises from the 
first part of the subclavian artery (Figs. 8.170 and 8.171). 
It ascends along the medial edge of the anterior scalene 
muscle, passes posteriorly to the carotid sheath, and 
reaches the inferior pole of the lateral lobe of the thyroid 
gland. 

At the thyroid gland the inferior thyroid artery divides 
into an: 


= inferior branch, which supplies the lower part of the 
thyroid gland and anastomoses with the posterior 
branch of the superior thyroid artery; and 

= an ascending branch, which supplies the parathyroid 
glands. 











Superior 
thyroid artery 
, Superior 
oe parathyroid 
glandular gland 
branch 
Inferior 
Inferior thyroid parathyroid 
artery gland 


Thyrocervical 
trunk 





Right recurrent 
laryngeal nerve 


PPOOUDUUMUCS 


Left subclavian 
artery 


Left recurrent 
laryngeal nerve 


Fig. 8.171 Superior and inferior thyroid arteries and left and right 
recurrent laryngeal nerve: posterior view. 


Occasionally, a small thyroid ima artery arises from 
the brachiocephalic trunk or the arch of the aorta and 
ascends on the anterior surface of the trachea to supply the 
thyroid gland. 


Venous and lymphatic drainage 
Three veins drain the thyroid gland (Fig. 8.170): 


the superior thyroid vein primarily drains the area 
supplied by the superior thyroid artery; 

the middle and inferior thyroid veins drain the rest 
of the thyroid gland. 


The superior and middle thyroid veins drain into the 
internal jugular vein, and the inferior thyroid veins empty 
into the right and left brachiocephalic veins, respectively. 

Lymphatic drainage of the thyroid gland is to nodes 
beside the trachea (paratracheal nodes) and to deep cervi- 
cal nodes inferior to the omohyoid muscle along the inter- 
nal jugular vein. 


Recurrent laryngeal nerves 


The thyroid gland is closely related to the recurrent laryn- 
geal nerves. After branching from the vagus nerve [X] and 
looping around the subclavian artery on the right and the 
arch of the aorta on the left, the recurrent laryngeal 
nerves ascend in a groove between the trachea and esoph- 
agus (Fig. 8.171). They pass deep to the posteromedial 
surface of the lateral lobes of the thyroid gland and enter 
the larynx by passing deep to the lower margin of the infe- 
rior constrictor of the pharynx. 

Together with branches of the inferior thyroid arteries, 
the recurrent laryngeal nerves are clearly related to, and 
may pass through ligaments, one on each side, that bind the 
thyroid gland to the trachea and to the cricoid cartilage of 
the larynx. These relationships need to be considered when 
surgically removing or manipulating the thyroid gland. 


Parathyroid glands 


The parathyroid glands are two pairs of small, ovoid, yel- 
lowish structures on the deep surface of the lateral lobes of 
the thyroid gland. They are designated as the superior and 
inferior parathyroid glands (Fig. 8.171). However, their 
position is quite variable and they may be anywhere from 
the carotid bifurcation superiorly to the mediastinum 
inferiorly. 

Derived from the third (the inferior parathyroid glands) 
and fourth (the superior parathyroid glands) pharyngeal 
pouches, these paired structures migrate to their final adult 
position and are named accordingly. 

The arteries supplying the parathyroid glands are the 
inferior thyroid arteries, and venous and lymphatic drain- 
age follows that described for the thyroid gland. 
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In the clinic 


Thyroid gland 

The thyroid gland develops from a small region of tissue 
near the base of the tongue. This tissue descends as the 
thyroglossal duct from the foramen cecum in the 
posterior aspect of the tongue to pass adjacent to the 
anterior aspect of the middle of the hyoid bone. The 
thyroid tissue continues to migrate inferiorly and 
eventually comes to rest at the anterior aspect of the 
trachea in the root of the neck. 

Consequently, the migration of thyroid tissue may be 
arrested anywhere along the embryological descent of 
the gland. Ectopic thyroid tissue is relatively rare. More 
frequently seen is the cystic change that arises from the 
thyroglossal duct. The usual symptom of a thyroglossal 
duct cyst is a midline mass. Ultrasound easily 
demonstrates its nature and position, and treatment is 
by surgical excision. The whole of the duct as well as a 
small part of the anterior aspect of the hyoid bone must 
be excised to prevent recurrence. 


In the clinic 


Thyroidectomy 

A thyroidectomy is a relatively common surgical 
procedure. In most cases it involves excision of part or 
most of the thyroid gland, leaving some gland behind. 
This surgical procedure is usually carried out for benign 
diseases, such as multinodular goiter. However, thyroid 
carcinoma, albeit rare, is also an indication for 
thyroidectomy. 

Given the location of the thyroid gland, there is a 
possibility of damaging other structures when carrying 
out a thyroidectomy, namely the parathyroid glands 
(which may be excised en masse with the thyroid 
gland), the recurrent laryngeal nerve, the sympathetic 
trunk, and rarely, the nerves of the carotid sheath. 
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Head and neck 


In the clinic 


Thyroid gland pathology 
Thyroid gland pathology is extremely complex. In 
essence, thyroid gland pathology should be assessed 
from two points of view. First, the thyroid gland may be 
diffusely or focally enlarged, for which there are 
numerous causes. Second, the thyroid gland may 
undersecrete or oversecrete the hormone thyroxine. 
One of the commonest disorders of the thyroid 
gland is a multinodular goiter, which is a diffuse 
irregular enlargement of the thyroid gland with areas of 
thyroid hypertrophy and colloid cyst formation. Most 
patients are euthyroid (i.e., have normal serum 
thyroxine levels). The typical symptom is a diffuse mass 
in the neck, which may be managed medically or may 
need surgical excision if the mass is large enough to 
affect the patient's life or cause respiratory problems. 
Isolated nodules in the thyroid gland may be a 
dominant nodule in a multinodular gland or possibly an 
isolated tumor of the thyroid gland. Isolated tumors 
may or may not secrete thyroxine depending on their 
cellular morphology. Treatment is usually by excision. 
Immunological diseases may affect the thyroid gland 
and may overstimulate it to produce excessive 
thyroxine. These diseases may be associated with other 
extrathyroid manifestations, which include 
exophthalmos, pretibial myxedema, and nail changes. 
Other causes of diffuse thyroid stimulation include viral 
thyroiditis. Some diseases may cause atrophy of the 
thyroid gland, leading to undersecretion of thyroxine 
(myxedema). 


Location of structures in different 
regions of the anterior triangle of 
the neck 


The regional location of major structures in the anterior 
triangle of the neck is summarized in Table 8.14. Struc- 
tures can be identified as being within a specific subdivi- 
sion, passing into a specific subdivision from outside the 
area, originating in one subdivision and passing to another 
subdivision, or passing through several subdivisions while 
traversing the region. 


Posterior triangle of the neck 


The posterior triangle of the neck is on the lateral aspect 
of the neck in direct continuity with the upper limb. It is 
bordered: 


anteriorly by the posterior edge of the sternocleidomas- 
toid muscle; 

posteriorly by the anterior edge of the trapezius 
muscle; 

basally by the middle one-third of the clavicle; and 
apically by the occipital bone just posterior to the 
mastoid process where the attachments of the trapezius 
and sternocleidomastoid come together (Fig. 8.172). 


The roof of the posterior triangle consists of an investing 
layer of cervical fascia that surrounds the sternocleidomas- 
toid and trapezius muscles as it passes through the 
region. 


Table 8.14 Subdivisions of the anterior triangle of the neck—a regional approach 


Subdivision Boundaries 


Mandibular symphysis; anterior belly of 
digastric muscle; body of hyoid bone 


Submental triangle 
(unpaired) 


Lower border of mandible; anterior belly of 
digastric muscle; posterior belly of digastric 
muscle 


Submandibular triangle 
(paired) 


Carotid triangle (paired) Posterior belly of digastric muscle; superior 


belly of omohyoid muscle; anterior border of 


sternocleidomastoid muscle 


Midline of neck; superior belly of omohyoid 
muscle; anterior border of 
sternocleidomastoid muscle 


Muscular triangle (paired) 


Contents 


Submental lymph nodes; tributaries forming the anterior jugular 
vein 


Submandibular gland; submandibular lymph nodes; hypoglossal 
nerve [XII]; mylohyoid nerve; facial artery and vein 


Tributaries to common facial vein; cervical branch of facial nerve 
[VII]; common carotid artery; external and internal carotid arteries; 
superior thyroid; ascending pharyngeal; lingual, facial, and 
occipital arteries; internal jugular vein; vagus [X], accessory [XI], 
and hypoglossal [XII] nerves; superior and inferior roots of ansa 
cervicalis; transverse cervical nerve 


Sternohyoid, omohyoid, sternohyoid, and thyrohyoid muscles; 
thyroid and parathyroid glands; pharynx 


Sternocleidomastoid muscle 






Hyoid bone 


Superior belly of 
omohyoid muscle 


Inferior belly of omohyoid muscle 


Fig. 8.172 Borders of the posterior triangle of the neck. 


The muscular floor of the posterior triangle is covered 
by the prevertebral layer of cervical fascia; and from supe- 
rior to inferior consists of the splenius capitis, levator scap- 
ulae, and the posterior, middle, and anterior scalene 
muscles. 


Muscles 


Numerous muscles participate in forming the borders and 
floor of the posterior triangle of the neck (Table 8.15). 

In addition, the omohyoid muscle passes across the 
inferior part of the posterior triangle before disappearing 
under the sternocleidomastoid muscle and emerging in the 
anterior triangle (Fig. 8.173). Itis enclosed in the investing 
layer of cervical fascia and crosses the posterior triangle 
from lateral to medial as it continues in a superior direc- 


Occipital triangle ~] 


Posterior 
triangle 


Omoclavicular or 
subclavian triangle 


Trapezius muscle 


tion. It originates on the superior border of the scapula, just 
medial to the scapular notch and eventually inserts into 
the inferior border of the body of the hyoid bone. It has two 
bellies connected by a tendon, which is anchored by a 
fascial sling to the clavicle: 


the superior belly is in the anterior triangle; 

the inferior belly crosses the posterior triangle, subdi- 
viding it into a small, omoclavicular or subclavian 
triangle inferiorly and a much larger occipital tri- 
angle superiorly. 


The omohyoid is innervated by branches of the ansa 
cervicalis (anterior rami from C1 to C3) and it depresses the 
hyoid bone. 
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<E: Head and neck 


Table 8.15 Muscles associated with the posterior triangle of the neck. Parentheses indicate possible involvement 


Muscle 


Sternocleidomastoid 
—Sternal head 


—Clavicular head 


Trapezius 


Splenius capitis 


Levator scapulae 


Posterior scalene 


Middle scalene 


Anterior scalene 


Omohyoid 


Vessels 


Origin 
Upper part of anterior 


surface of manubrium of 
sternum 


Superior surface of medial 
one-third of clavicle 


Superior nuchal line; 
external occipital 
protuberance; ligamentum 
nuchae; spinous processes 
of vertebrae CVII to TXIl 


Lower half of ligamentum 
nuchae; spinous processes 
of vertebrae CVII to TIV 


Transverse processes of Cl 
to CIV 


Posterior tubercles of 
transverse processes of 
vertebrae CIV to CVI 


Transverse processes of 
vertebrae CII to CVII 


Anterior tubercles of the 
transverse processes of 
vertebrae CIII to CVI 


Superior border of scapula 
medial to scapular notch 


Insertion 


Lateral one-half of 
superior nuchal line 


Lateral surface of 
mastoid process 


Lateral one-third of 
clavicle; acromion; spine 
of scapula 


Mastoid process, skull 
below lateral one-third 
of superior nuchal line 


Upper part of medial 
border of scapula 


Upper surface of rib II 


Upper surface of rib | 
posterior to the groove 
for the subclavian artery 


Scalene tubercle and 
upper surface of rib | 


Inferior border of body 
of hyoid bone 


Innervation 


Accessory nerve [XI] and 
branches from anterior 
rami of C2 to C3 (C4) 


Motor—accessory nerve 
[XI]; proprioception—C3 
and C4 


Posterior rami of middle 
cervical nerves 


C3, C4; and dorsal 
scapular nerve (C4, C5) 


Anterior rami of C5 to 
C7 


Anterior rami of C3 to 
C7 


Anterior rami of C4 to 
G7 


Ansa cervicalis; anterior 
rami of C1 to C3 


Function 


Individually—will tilt head 
toward shoulder on same side 
rotating head to turn face to 
opposite side; acting together, 
draw head forward 


Assists in rotating the scapula 
during abduction of humerus 
above horizontal; 

upper fibers—elevate, 

middle fibers—adduct, 

lower fibers—depress scapula 


Together, draw head backward; 
individually, draw and rotate 
head to one side (turn face to 
same side) 

Elevates scapula 


Elevation of rib Il 


Elevation of rib | 


Elevation of rib | 


Depress the hyoid bone 


Subclavian artery and its branches 


External jugular vein 


One of the most superficial structures passing through the 
posterior triangle of the neck is the external jugular vein 
(Fig. 8.174). This large vein forms near the angle of man- 
dible, when the posterior branch of the retromandibular 
and posterior auricular veins join, and descends through 
the neck in the superficial fascia. 

After crossing the sternocleidomastoid muscle, the 
external jugular vein enters the posterior triangle and con- 
tinues its vertical descent. 

In the lower part of the posterior triangle, the external 
jugular vein pierces the investing layer of cervical fascia 
and ends in the subclavian vein. 

Tributaries to the external jugular vein while it tra- 
verses the posterior triangle of the neck include the trans- 
verse cervical, suprascapular, and anterior jugular veins. 


Several arteries are found within the boundaries of the 
posterior triangle of the neck. The largest is the third part 
of the subclavian artery as it crosses the base of the poste- 
rior triangle (Fig. 8.175). 

The first part of the subclavian artery ascends to the 
medial border of the anterior scalene muscle from either 
the brachiocephalic trunk on the right side or directly from 
the arch of the aorta on the left side. It has numerous 
branches. 

The second part of the subclavian artery passes lat- 
erally between the anterior and middle scalene muscles, 
and one branch may arise from it. 
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Fig. 8.173 Muscles of the posterior triangle of the neck. 
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External jugular vein 
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Anterior jugular vein 
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Transverse cervical vein 


Fig. 8.174 External jugular vein in the posterior triangle of the neck. 971 





Head and neck 


The third part of the subclavian artery emerges 
from between the anterior and middle scalene muscles to 
cross the base of the posterior triangle (Fig. 8.175). It 
extends from the lateral border of the anterior scalene 
muscle to the lateral border of rib I where it becomes the 
axillary artery and continues into the upper limb. 

A single branch (the dorsal scapular artery) may 
arise from the third part of the subclavian artery. This 
branch passes posterolaterally to reach the superior angle 
of the scapula where it descends along the medial border 
of the scapula posterior to the rhomboid muscles. 
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Internal jugular vein 
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Inferior thyroid artery 
Vagus nerve 
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External jugular vein 


Clavicle 





Subclavian vein 


Anterior scalene muscle 


Fig. 8.175 Arteries in the posterior triangle of the neck. 


Transverse cervical and 

suprascapular arteries 

Two other small arteries also cross the base of the posterior 
triangle. These are the transverse cervical and the supra- 
scapular arteries (Fig. 8.175). They are both branches of 
the thyrocervical trunk, which arises from the first part of 
the subclavian artery. 

After branching from the thyrocervical trunk, the 
transverse cervical artery passes laterally and slightly 
posteriorly across the base of the posterior triangle anterior 
to the anterior scalene muscle and the brachial plexus. 
Reaching the deep surface of the trapezius muscle, it divides 
into superficial and deep branches: 


Sternocleidomastoid muscle 


Trapezius muscle 


Middle scalene muscle 


Phrenic nerve 


Transverse cervical artery 


Brachial plexus 


Suprascapular artery 


3rd part of subclavian artery 


= the superficial branch continues on the deep surface 
of the trapezius muscle; 

= the deep branch continues on the deep surface of the 
rhomboid muscles near the medial border of the 
scapula. 


The suprascapular artery, also a branch of the thyro- 
cervical trunk, passes laterally, in a slightly downward 
direction across the lowest part of the posterior triangle, 
and ends up posterior to the clavicle (Fig. 8.175). Approach- 
ing the scapula, it passes over the superior transverse scap- 
ular ligament and distributes branches to muscles on the 
posterior surface of the scapula. 


Veins 


Veins accompany all the arteries described previously. 

The subclavian vein is a continuation of the axillary 
vein and begins at the lateral border of rib I. As it crosses 
the base of the posterior triangle, the external jugular, and, 
possibly, the suprascapular and transverse cervical veins 
enter it (Fig. 8.175). It ends by joining with the internal 
jugular vein to form the brachiocephalic vein near the ster- 
noclavicular joint. In the posterior triangle it is anterior to, 
and slightly lower than, the subclavian artery and passes 
anterior to the anterior scalene muscle. 













Transverse cervical nerve 


Sternocleidomastoid muscle 


Transverse cervical and suprascapular veins travel with 
each of the similarly named arteries. These veins become 
tributaries to either the external jugular vein or the initial 
part of the subclavian vein. 


Nerves 


A variety of nerves pass through or are within the posterior 
triangle. These include the accessory nerve [XI], branches 
of the cervical plexus, components forming the brachial 
plexus, and branches of the brachial plexus. 


Accessory nerve 


The accessory nerve [XI] exits the cranial cavity through 
the jugular foramen. It descends through the neck in a 
posterior direction, to reach the anterior border of the ster- 
nocleidomastoid muscle. Passing either deep to or through 
and innervating the sternocleidomastoid muscle, the 
accessory nerve [XI] continues to descend and enters the 
posterior triangle (Fig. 8.176). It crosses the posterior tri- 
angle, still in an obliquely downward direction, within the 
investing layer of cervical fascia as this fascia crosses 
between the sternocleidomastoid and trapezius muscles. 
When the accessory nerve [XI] reaches the anterior border 
of the trapezius muscle, it continues on the deep surface of 
the trapezius and innervates it. The superficial location of 


Lesser occipital nerve 


Great auricular nerve 


Accessory nerve [XI] 


Trapezius muscle 


Supraclavicular nerves 


Fig. 8.176 Accessory nerve in the posterior triangle of the neck. 





973 





974 


Head and neck 


the accessory nerve as it crosses the posterior triangle 
makes it susceptible to injury. 


Cervical plexus 


The cervical plexus is formed by the anterior rami of cervi- 
cal nerves C2 to C4, and possibly a contribution from the 
anterior ramus of cervical nerve C1 (Fig. 8.177). 

The cervical plexus forms in the substance of the muscles 
making up the floor of the posterior triangle within the 
prevertebral layer of cervical fascia, and consists of: 


muscular (or deep) branches; 
cutaneous (or superficial) branches. 


Lesser occipital 
nerve 


C1 


Superior root of 
ansa cervicalis 






Great auricular 
C3 nerve 


Transverse 
cervical nerve 


) C4 
Inferior root of 
ansa cervicalis 


»TO C5 


( || \ Phrenic nerve 
Supraclavicular nerve 


Fig. 8.177 Cervical plexus. 


Table 8.16 Prevertebral and lateral muscles 


Muscle Origin Insertion 
Anterior surface of lateral part of 
atlas and its transverse process 


Rectus capitis 
anterior 


Rectus capitis Superior surface of transverse 


Inferior surface of basilar 
part of occipital bone 


Inferior surface of jugular 


The cutaneous branches are visible in the posterior tri- 
angle emerging from beneath the posterior border of the 
sternocleidomastoid muscle. 


Muscular branches 


Muscular (deep) branches of the cervical plexus distribute 
to several groups of muscles. A major branch is the phrenic 
nerve, which supplies the diaphragm with both sensory 
and motor innervation (Fig. 8.177). It arises from the ante- 
rior rami of cervical nerves C3 to C5. Hooking around 
the upper lateral border of the anterior scalene muscle, the 
nerve continues inferiorly across the anterior surface of 
the anterior scalene within the prevertebral fascia to enter 
the thorax (Fig. 8.175). As the nerve descends in the neck, 
it is “pinned” to the anterior scalene muscle by the trans- 
verse cervical and suprascapular arteries. 

Several muscular branches of the cervical plexus supply 
prevertebral and lateral vertebral muscles, including the 
rectus capitis anterior, rectus capitis lateralis, longus colli, 
and longus capitis (Fig. 8.178 and Table 8.16). 

The cervical plexus also contributes to the formation of 
the superior and inferior roots of the ansa cervicalis (Fig. 
8.177). This loop of nerves receives contributions from the 
anterior rami of the cervical nerves C1 to C3 and inner- 
vates the infrahyoid muscles. 


Cutaneous branches 


Cutaneous (superficial) branches of the cervical plexus are 
visible in the posterior triangle as they pass outward from 
the posterior border of the sternocleidomastoid muscle 
(Figs. 8.176 and 8.177): 


Innervation Function 


Branches from anterior 
rami of C1, C2 


Flexes head at atlanto-occipital 
joint 

Branches from anterior 
rami of C1, C2 


Flexes head laterally to same side 


Branches from anterior 
rami of C2 to C6 


Flexes neck anteriorly and 
laterally and slight rotation to 
opposite side 


lateralis process of atlas process of occipital bone 
Longus colli Anterior tubercles of transverse Tubercle of anterior arch 
—Superior processes of vertebrae CIII to CV of atlas 

oblique part 

—Inferior Anterior surface of bodies of Anterior tubercles of 
oblique part vertebrae TI, TII, and maybe TIII transverse processes of 


vertebrae CV and CVI 


Anterior surface of bodies of TI 
to TIll and CV to CVII 


—Vertical part 


Tendinous slips to transverse 
processes of vertebrae CIII to CVI 


Longus capitis 


Inferior surface of basilar 
part of occipital bone 


Anterior surface of bodies 
of vertebrae CII to CIV 


Branches from anterior Flexes the head 


rami of C1 to C3 
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Rectus capitis anterior muscle 
Rectus capitis lateralis muscle 


Longus capitis muscle 


Levator scapulae muscle 


Longus colli muscle 


Anterior 


Middle 
Scalene muscles 


Posterior 


Phrenic nerve 


Fig. 8.178 Prevertebral and lateral vertebral muscles supplied by cervical plexus. 


the lesser occipital nerve consists of contributions 
from cervical nerve C2 (Fig. 8.177), ascends along the 
posterior border of the sternocleidomastoid muscle, and 
distributes to the skin of the neck and scalp posterior to 
the ear; 

the great auricular nerve consists of branches from 
cervical nerves C2 and C3, emerges from the posterior 
border of the sternocleidomastoid muscle, and ascends 
across the muscle to the base of the ear, supplying the 
skin of the parotid region, the ear, and the mastoid 
area; 

the transverse cervical nerve consists of branches 
from the cervical nerves C2 and C3, passes around the 
midpart of the sternocleidomastoid muscle, and contin- 
ues horizontally across the muscle to supply the lateral 
and anterior parts of the neck; 

the supraclavicular nerves are a group of cutaneous 
nerves from cervical nerves C3 and C4 that, after emerg- 
ing from beneath the posterior border of the sterno- 
cleidomastoid muscle, descend and supply the skin over 
the clavicle and shoulder as far inferiorly as rib II. 


Brachial plexus 


The brachial plexus forms from the anterior rami of cervi- 
cal nerves C5 to C8 and thoracic nerve T1. The contribu- 
tions of each of these nerves, which are between the 
anterior and middle scalene muscles, are the roots of the 
brachial plexus. As the roots emerge from between these 
muscles, they form the next component of the brachial 
plexus (the trunks) as follows: 


the anterior rami of C5 and C6 form the upper trunk; 
the anterior ramus of C7 forms the middle trunk; 
the anterior rami of C8 and T1 form the lower trunk. 


The trunks cross the base of the posterior triangle (Fig. 
8.175). Several branches of the brachial plexus may be 
visible in the posterior triangle (see Fig. 7.52). These 
include the: 


dorsal scapular nerve to the rhomboid muscles; 

long thoracic nerve to the serratus anterior muscle; 

nerve to the subclavius muscle; and 

suprascapular nerve to the supraspinatus and infra- 
spinatus muscles. 975 
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Head and neck 


Root of the neck 


The root of the neck (Fig. 8.179) is the area immediately 
superior to the superior thoracic aperture and axillary 
inlets. It is bounded by: 


the top of the manubrium of sternum and superior 
margin of the clavicle anteriorly; and 

the top of the thoracic vertebra TI and the superior 
margin of the scapula to the coracoid process 
posteriorly. 


It contains structures passing between the neck, thorax, 
and upper limb. There is also an extension of the thoracic 
cavity projecting into the root of the neck. This consists of 
an upward projection of the pleural cavity, on both sides, 
and includes the cervical part of the parietal pleura 
(cupula), and the apical part of the superior lobe of each 
lung. 

Anteriorly, the pleural cavity extends above the top of 
the manubrium of sternum and superior border of rib I, 
while posteriorly, due to the downward slope of the supe- 
rior thoracic aperture the pleural cavity remains below the 
top of vertebra TI. 


TI vertebra 


Esophagus 





Cervical pleura 


Manubrium of sternum 


Fig. 8.179 Root of the neck. 


Vessels 
Subclavian arteries 


The subclavian arteries on both sides arch upward out of 
the thorax to enter the root of the neck (Fig. 8.180). 

The right subclavian artery begins posterior to the 
sternoclavicular joint as one of two terminal branches of 
the brachiocephalic trunk. It arches superiorly and later- 
ally to pass anterior to the extension of the pleural cavity 
in the root of the neck and posterior to the anterior scalene 
muscle. Continuing laterally across rib I, it becomes the 
axillary artery as it crosses its lateral border. 

The left subclavian artery begins lower in the thorax 
than the right subclavian artery as a direct branch of the 
arch of the aorta. Lying posterior to the left common carotid 
artery and lateral to the trachea, it ascends and arches 
laterally, passing anterior to the extension of the pleural 
cavity and posterior to the anterior scalene muscle. It con- 
tinues laterally over rib I, and becomes the axillary artery 
as it crosses the lateral border of rib I. 

Both subclavian arteries are divided into three parts by 
the anterior scalene muscle (Fig. 8.180): 


= the first part extends from the origin of the artery to the 
anterior scalene muscle; 
the second part is the part of the artery posterior to the 
anterior scalene muscle; 
the third part is the part lateral to the anterior scalene 
muscle before the artery reaches the lateral border of 
rib I. 


All branches from the right and left subclavian arteries 
arise from the first part of the artery, except in the case of 
one branch (the costocervical trunk) on the right side (Fig. 
8.180). The branches include the vertebral artery, the thy- 
rocervical trunk, the internal thoracic artery, and the cos- 
tocervical trunk. 


Vertebral artery 


The vertebral artery is the first branch of the subclavian 
artery as it enters the root of the neck (Fig. 8.180). A large 
branch, arising from the first part of the subclavian artery 
medial to the anterior scalene muscle, it ascends and enters 
the foramen in the transverse process of vertebra CVI. 
Continuing to pass superiorly, the vertebral artery passes 
through the foramina of vertebrae CV to CI. At the superior 
border of vertebra CI, the artery turns medially and crosses 
the posterior arch of vertebra CI. From here it passes 
through the foramen magnum to enter the posterior 
cranial fossa. 
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Fig. 8.180 Vasculature of the root of the neck. 


Thyrocervical trunk 


The second branch of the subclavian artery is the thyro- 
cervical trunk (Fig. 8.180). It arises from the first part of 
the subclavian artery medial to the anterior scalene muscle, 
and divides into three branches—the inferior thyroid, the 
transverse cervical, and the suprascapular arteries. 


Inferior thyroid artery. The inferior thyroid artery (Fig. 
8.180) is the superior continuation of the thyrocervical 
trunk. It ascends, anterior to the anterior scalene muscle, 
and eventually turns medially, crossing posterior to the 
carotid sheath and its contents and anterior to the verte- 
bral artery. Reaching the posterior surface of the thyroid 
gland it supplies the thyroid gland. 

When the inferior thyroid artery turns medially, it gives 
off an important branch (the ascending cervical artery), 
which continues to ascend on the anterior surface of the 


Esophagus 


Trachea 


Ascending cervical artery 


Anterior scalene muscle 


Transverse cervical artery 
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Left subclavian 
artery 

Internal thoracic 
artery 


Left common 
carotid artery 


prevertebral muscles, supplying these muscles and sending 
branches to the spinal cord. 


Transverse cervical artery. The middle branch of the thy- 
rocervical trunk is the transverse cervical artery (Fig. 
8.180). This branch passes laterally, across the anterior 
surface of the anterior scalene muscle and the phrenic 
nerve, and enters and crosses the base of the posterior tri- 
angle of the neck. It continues to the deep surface of the 
trapezius muscle, where it divides into superficial and deep 
branches: 


= the superficial branch continues on the deep surface 
of the trapezius muscle; 

= the deep branch continues on the deep surface of the 
rhomboid muscles near the medial border of the 
scapula. 
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Head and neck 


Suprascapular artery. The lowest branch of the thyrocer- 
vical trunk is the suprascapular artery (Fig. 8.180). This 
branch passes laterally, crossing anterior to the anterior 
scalene muscle, the phrenic nerve, the third part of the 
subclavian artery, and the trunks of the brachial plexus. 
At the superior border of the scapula, it crosses over the 
superior transverse scapular ligament and enters the 
supraspinatus fossa. 


Internal thoracic artery 


The third branch of the subclavian artery is the internal 
thoracic artery (Fig. 8.180). This artery branches from 
the inferior edge of the subclavian artery and descends. 

It passes posterior to the clavicle and the large veins in 
the region and anterior to the pleural cavity. It enters the 
thoracic cavity posterior to the ribs and anterior to the 
transversus thoracis muscle and continues to descend 
giving off numerous branches. 


Costocervical trunk 


The final branch of the subclavian artery in the root of the 
neck is the costocervical trunk (Fig. 8.180). It arises in 
a slightly different position, depending on the side: 


on the left, it arises from the first part of the subclavian 
artery, just medial to the anterior scalene muscle; 

on the right, it arises from the second part of the sub- 
clavian artery. 


On both sides, the costocervical trunk ascends and 
passes posteriorly over the dome of the pleural cavity and 
continues in a posterior direction behind the anterior 
scalene muscle. Eventually it divides into two branches— 
the deep cervical and the supreme intercostal arteries: 


the deep cervical artery ascends in the back of the 
neck and anastomoses with the descending branch of 
the occipital artery; 

the supreme intercostal artery descends anterior to 
rib I and divides to form the posterior intercostal arter- 
ies for the first two intercostal spaces. 


Veins 


Numerous veins pass through the root of the neck. Small 
veins accompany each of the arteries described above, and 
large veins form major drainage channels. 

The subclavian veins begin at the lateral margin of rib 
I as continuations of the axillary veins. Passing medially 


on each side, just anterior to the anterior scalene muscles, 
each subclavian vein is joined by the internal jugular vein 
to form the brachiocephalic veins. 

The only tributary to the subclavian veins are the exter- 
nal jugular veins. 

The veins accompanying the numerous arteries in this 
region empty into other veins. 


Nerves 


Several nerves and components of the nervous system pass 
through the root of the neck. 


Phrenic nerves 


The phrenic nerves are branches of the cervical plexus and 
arise on each side as contributions from the anterior rami 
of cervical nerves C3 to C5 come together. Passing around 
the upper lateral border of each anterior scalene muscle, 
the phrenic nerves continue inferiorly across the anterior 
surface of each anterior scalene muscle within the prever- 
tebral layer of cervical fascia (Fig. 8.181). Leaving the 
lower edge of the anterior scalene muscle each phrenic 
nerve passes between the subclavian vein and artery to 
enter the thorax and continue to the diaphragm. 


Vagus nerves [X] 


The vagus nerves [X] descend through the neck within the 
carotid sheath, posterior to and just between the common 
carotid artery and the internal jugular vein. 

In the lower part of the neck, the vagus nerves |X] give 
off cardiac branches, which continue downward and medi- 
ally, passing posterior to the subclavian arteries to disap- 
pear into the thorax. 

In the root of the neck, each vagus nerve [X] passes 
anterior to the subclavian artery and posterior to the sub- 
clavian vein as it enters the thorax (Fig. 8.181). 


Recurrent laryngeal nerves 


The right and left recurrent laryngeal nerves are visible as 
they originate in (the right recurrent laryngeal nerve), or 
pass through (the left recurrent laryngeal nerve), the root 
of the neck. 

The right recurrent laryngeal nerve is a branch of 
the right vagus nerve |X] as it reaches the lower edge of the 
first part of the subclavian artery in the root of the neck 
(Fig. 8.181). It passes around the subclavian artery and 
upward and medially in a groove between the trachea and 
the esophagus as it heads to the larynx. 





The left recurrent laryngeal nerve is a branch of the 
left vagus nerve [X] as it crosses the arch of the aorta in the 
superior mediastinum. It passes below and behind the arch 
of the aorta and ascends beside the trachea to the larynx. 


Sympathetic nervous system 


Various components of the sympathetic nervous system 
are visible as they pass through the root of the neck. These 
include: 


=m the cervical part of the sympathetic trunk; 
= the ganglia associated with the cervical part of the sym- 
pathetic trunk; and 
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Fig. 8.181 Nerves in the root of the neck. 


= cardiac nerves branching from the cervical part of the 
sympathetic trunk (Fig. 8.182). 


The sympathetic trunks are two parallel cords that run 
from the base of the skull to the coccyx. Along the way they 
are punctuated by ganglia, which are collections of neuro- 
nal cell bodies outside the CNS. 


Cervical part of the sympathetic trunk 


The cervical part of the sympathetic trunk is anterior 
to the longus colli and longus capitis muscles, and poste- 
rior to the common carotid artery in the carotid sheath and 
the internal carotid artery. It is connected to each cervical 
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Phrenic nerve 


Subclavian artery 
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Fig. 8.182 Components of the sympathetic nervous system in the root of the neck. 


spinal nerve by a gray ramus communicans (Fig. 8.183). 
There are no white rami communicantes in the cervical 
region. 


Ganglia 

Three ganglia are usually described along the course of the 
sympathetic trunk in the cervical region, and in these 
ganglia ascending preganglionic sympathetic fibers from 
the upper thoracic spinal cord levels synapse with postgan- 
glionic sympathetic fibers. The postganglionic sympathetic 
fibers are distributed in branches from these ganglia. 


Superior cervical ganglion. A very large superior cervi- 
cal ganglion in the area of cervical vertebrae CI and CII 
marks the superior extent of the sympathetic trunk (Figs. 
8.182 and 8.183). Its branches pass to: 
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Fig. 8.183 Cervical part of the sympathetic trunk. 


the internal carotid and external carotid arteries, 
forming plexuses around these vessels; 

= cervical spinal nerves Cl to C4 through gray rami 
communicantes; 

the pharynx; and 

the heart as superior cardiac nerves. 


Middle cervical ganglion. A second ganglion inferior to 
the superior cervical ganglion along the course of the sym- 
pathetic trunk (the middle cervical ganglion) is encoun- 
tered at about the level of cervical vertebra CVI (Figs. 8.182 
and 8.183). Branches from this ganglion pass to: 


= cervical spinal nerves C5 and C6 through gray rami 
communicantes; and 
= the heart as middle cardiac nerves. 


Inferior cervical ganglion At the lower end of the 
cervical part of the sympathetic trunk is another ganglion 
(the inferior cervical ganglion), which becomes very large 
when it combines with the first thoracic ganglion and 
forms the cervicothoracic ganglion (stellate gan- 
glion). The inferior cervical ganglion (Figs. 8.182 and 
8.183) is anterior to the neck of rib I and the transverse 
process of cervical vertebra CVII, and posterior to the first 
part of the subclavian artery and the origin of the vertebral 
artery. 
Branches from this ganglion pass to: 
= spinal nerves C7 to Tl through gray rami 
communicantes; 
= the vertebral artery, forming a plexus associated with 
this vessel; and 


= the heart as inferior cardiac nerves. 


This ganglion may also receive white rami communi- 
cantes from thoracic spinal nerve T1, and occasionally, 
from T2. 


Lymphatics 
Thoracic duct 


The thoracic duct is a major lymphatic channel that 
begins in the abdomen, passes superiorly through the 
thorax, and ends in the venous channels in the neck. It 
passes through the lower thoracic cavity in the midline 
with: 


= the thoracic aorta on the left; 
= the azygos vein on the right; and 
= the esophagus anteriorly. 
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At about the level of thoracic vertebra TV the thoracic 
duct passes to the left and continues to ascend just to the 
left of the esophagus. It passes through the superior medi- 
astinum and enters the root of the neck to the left of the 
esophagus (Fig. 8.184). Arching laterally, it passes poste- 
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Fig. 8.184 Thoracic duct in the root of the neck. 
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rior to the carotid sheath and turns inferiorly in front of the 
thyrocervical trunk, the phrenic nerve, and the vertebral 
artery. 

The thoracic duct terminates in the junction between 
the left internal jugular and the left subclavian veins. Near 
its junction with the venous system it is joined by: 


= the left jugular trunk, which drains lymph from the 
left side of the head and neck; 

= the left subclavian trunk, which drains lymph from 
the left upper limb; and 

= occasionally, the left bronchomediastinal trunk, 
which drains lymph from the left half of the thoracic 
structures (Fig. 8.185). 


A similar confluence of three lymphatic trunks occurs 
on the right side of the body. Emptying into the junction 
between the right internal jugular and right subclavian 
veins are: 


the right jugular trunk from the head and neck; 
the right subclavian trunk from the right upper limb; 
and 

= occasionally, the right bronchomediastinal trunk 
carrying lymph from the structures in the right half of 
the thoracic cavity and the right upper intercostal 
spaces. 


There is variability in how these trunks enter the veins. 
They may combine into a single right lymphatic duct to 


enter the venous system or enter as three separate 
trunks. 


Left internal jugular vein 


Jugular trunk 


Subclavian trunk 


Left subclavian vein 
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Lymphatics of the neck 


A description of the organization of the lymphatic system 
in the neck becomes a summary of the lymphatic system 
in the head and neck. It is impossible to separate the two 
regions. The components of this system include superficial 
nodes around the head, superficial cervical nodes along the 
external jugular vein, and deep cervical nodes forming a 
chain along the internal jugular vein (Fig. 8.186). 

The basic pattern of drainage is for superficial lymphatic 
vessels to drain to the superficial nodes. Some of these drain 
to the superficial cervical nodes on their way to the deep 
cervical nodes and others drain directly to the deep cervical 
nodes. 
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Fig. 8.186 Lymphatic system in the neck. 





Superficial lymph nodes 


Five groups of superficial lymph nodes form a ring around 
the head and are primarily responsible for the lymphatic 
drainage of the face and scalp. Their pattern of drainage is 
very similar to the area of distribution of the arteries near 
their location. 

Beginning posteriorly these groups (Fig. 8.186) are: 


= occipital nodes near the attachment of the trapezius 
muscle to the skull and associated with the occipital 
artery—lymphatic drainage is from the posterior scalp 
and neck; 


= mastoid nodes (retroauricular/posterior auricu- 


lar nodes) posterior to the ear near the attachment of 
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the sternocleidomastoid muscle and associated with the 
posterior auricular artery—lymphatic drainage is from 
the posterolateral half of the scalp; 

pre-auricular and parotid nodes anterior to the ear 
and associated with the superficial temporal and trans- 
verse facial arteries—lymphatic drainage is from the 
anterior surface of the auricle, the anterolateral scalp, 
the upper half of the face, the eyelids, and the cheeks; 
submandibular nodes inferior to the body of mandi- 
ble and associated with the facial artery—lymphatic 
drainage is from structures along the path of the facial 
artery as high as the forehead, as well as the gingivae, 
the teeth, and the tongue; 

submental nodes inferior and posterior to the chin— 
lymphatic drainage is from the center part of the lower 
lip, the chin, the floor of the mouth, the tip of the tongue, 
and the lower incisor teeth. 


Lymphatic flow from these superficial lymph nodes 
passes in several directions: 


drainage from the occipital and mastoid nodes passes to 
the superficial cervical nodes along the external jugular 
vein; 

drainage from the pre-auricular and parotid nodes, the 
submandibular nodes, and the submental nodes passes 
to the deep cervical nodes. 


Superficial cervical lymph nodes 


The superficial cervical nodes are a collection of lymph 
nodes along the external jugular vein on the superficial 
surface of the sternocleidomastoid muscle (Fig. 8.186). 
They primarily receive lymphatic drainage from the poste- 
rior and posterolateral regions of the scalp through the 
occipital and mastoid nodes, and send lymphatic vessels in 
the direction of the deep cervical nodes. 


Deep cervical lymph nodes 


The deep cervical nodes are a collection of lymph nodes 
that form a chain along the internal jugular vein (Fig. 
8.186). They are divided into upper and lower groups 


where the intermediate tendon of the omohyoid muscle 
crosses the common carotid artery and the internal jugular 
vein. 

The most superior node in the upper deep cervical group 
is the jugulodigastric node (Fig. 8.186). This large node 
is where the posterior belly of the digastric muscle crosses 
the internal jugular vein and receives lymphatic drainage 
from the tonsils and tonsillar region. 

Another large node, usually associated with the lower 
deep cervical group because it is at or just inferior to the 
intermediate tendon ofthe omohyoid muscle, is the jugulo- 
omohyoid node (Fig. 8.186). This node receives lym- 
phatic drainage from the tongue. 

The deep cervical nodes eventually receive all lymphatic 
drainage from the head and neck either directly or through 
regional groups of nodes. 

From the deep cervical nodes, lymphatic vessels form 
the right and left jugular trunks, which empty into the 
right lymphatic duct on the right side or the thoracic duct 
on the left side. 
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Fig. 8.187 Pharynx. 


In the clinic 


Clinical lymphatic drainage of the head and neck 
Enlargement of the neck lymph nodes (cervical 
lymphadenopathy) is a common manifestation of disease 
processes that occur in the head and neck. It is also a 
common manifestation of diffuse diseases of the body, 
which include lymphoma, sarcoidosis, and certain types of 
viral infection such as glandular fever and human 
immunodeficiency virus (HIV) infection. 

Evaluation of cervical lymph nodes is extremely 
important in determining the nature and etiology of the 
primary disease process that has produced nodal 
enlargement. 

Clinical evaluation includes a general health 
assessment, particularly relating to symptoms from the 
head and neck. Examination of the nodes themselves 
often gives the clinician a clue as to the nature of the 
pathological process. 


= Soft, tender, and inflamed lymph nodes suggest an 
acute inflammatory process, which is most likely to 
be infective. 

m Firm multinodular large-volume rubbery nodes often 
suggest a diagnosis of lymphoma. 


Examination should also include careful assessment of 
other nodal regions, including the supraclavicular fossae, 
the axillae, the retroperitoneum, and the inguinal regions. 

Further examination may include digestive tract 
endoscopy, chest radiography, and body CT scanning. 

Most cervical lymph nodes are easily palpable and 
suitable for biopsy to establish a tissue diagnosis. Biopsy 
can be performed using ultrasound for guidance and 
good samples of lymph nodes may be obtained. 


PHARYNX 


The pharynx is a musculofascial half-cylinder that links 
the oral and nasal cavities in the head to the larynx and 
esophagus in the neck (Fig. 8.187). The pharyngeal cavity 
is a common pathway for air and food. 

The pharynx is attached above to the base of the skull 
and is continuous below, approximately at the level of ver- 
tebra CVI, with the top of the esophagus. The walls of the 
pharynx are attached anteriorly to the margins of the nasal 
cavities, oral cavity, and larynx. Based on these anterior 
relationships the pharynx is subdivided into three regions, 
the nasopharynx, oropharynx, and laryngopharynx: 


the posterior apertures (choanae) of the nasal cavities 
open into the nasopharynx; 


Regional anatomy ° Pharynx 


The lymphatic drainage of the neck is somewhat 
complex, clinically. A relatively simple “level” system of 
nodal enlargement has been designed that is extremely 
helpful in evaluating lymph node spread of primary head 
and neck tumors. Once the number of levels of nodes are 
determined, and the size of the lymph nodes, the best 
mode of treatment can be instituted. This may include 
surgery, radiotherapy, and chemotherapy. The lymph 
node level also enables a prognosis to be made. The levels 
are as follows: 


= Level 1—from the midline of the submental triangle 
up to the level of the submandibular gland. 

= Level 2—from the skull base to the level of the hyoid 
bone anteriorly from the posterior border of the 
sternocleidomastoid muscle. 

= Level 3—the inferior aspect of the hyoid bone to the 
bottom cricoid arch and anterior to the posterior 
border of the sternocleidomastoid up to the midline. 

= Level 4—from the inferior aspect of the cricoid to the 
top of the manubrium of sternum and anterior to 
the posterior border of the sternocleidomastoid 
muscle. 

= Level 5—posterior to sternocleidomastoid muscle 
and anterior to the trapezius muscle above the level 
of the clavicle. 

= Level 6—below the hyoid bone and above the 
jugular (sternal) notch in the midline. 

= Level 7—below the level of the jugular (sternal) 
notch. 


the posterior opening of the oral cavity (oropharyngeal 
isthmus) opens into the oropharynx; 

the superior aperture of the larynx (laryngeal inlet) 
opens into the laryngopharynx. 


In addition to these openings, the pharyngeal cavity is 
related anteriorly to the posterior one-third of the tongue 
and to the posterior aspect of the larynx. The pharyngo- 
tympanic tubes open into the lateral walls of the 
nasopharynx. 

Lingual, pharyngeal, and palatine tonsils are on the 
deep surface of the pharyngeal walls. 

The pharynx is separated from the posteriorly positioned 
vertebral column by a thin retropharyngeal space contain- 
ing loose connective tissue. 

Although the soft palate is generally considered as part 
of the roof of the oral cavity, it is also related to the pharynx. 
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The soft palate is attached to the posterior margin of the 
hard palate and is a type of “flutter valve” that can: 


= swing up (elevate) to close the pharyngeal isthmus, and 
seal off the nasopharynx from the oropharynx; 

= swing down (depress) to close the oropharyngeal 
isthmus and seal off the oral cavity from the 
oropharynx. 


Skeletal framework 


The superior and anterior margins of the pharyngeal wall 
are attached to bone and cartilage, and to ligaments. The 
two sides of the pharyngeal wall are welded together pos- 
teriorly in the midline by a vertically oriented cord-like 
ligament (the pharyngeal raphe). This connective tissue 
structure descends from the pharyngeal tubercle on the 
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Fig. 8.188 Line of attachment of the pharynx to the base of the skull. 
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base of the skull to the level of cervical vertebra CVI where 
the raphe blends with connective tissue in the posterior 
wall of the esophagus. 

There is an irregular C-shaped line of pharyngeal wall 
attachment on the base of the skull (Fig. 8.188). The open 
part of the C faces the nasal cavities. Each arm of the C 
begins at the posterior margin of the medial plate of the 
pterygoid process of the sphenoid bone, just inferior to 
the cartilaginous part of the pharyngotympanic tube. The 
line crosses inferior to the pharyngotympanic tube and 
then passes onto the petrous part of the temporal bone 
where it is just medial to the roughening for the attach- 
ment of one of the muscles (levator veli palatini) of the soft 
palate. From here, the line swings medially onto the occipi- 
tal bone and joins the line from the other side at a promi- 
nent elevation of bone in the midline (the pharyngeal 
tubercle). 


Choanae (posterior openings 
of nasal cavities) 


Pterygoid hamulus 


Cartilaginous position of 
pharyngotympanic tube 


Carotid canal 


Jugular foramen 


Line of attachment of pharynx 


Anterior vertical line of attachment for 
the lateral pharyngeal walls 


The vertical line of attachment for the lateral pharyngeal 
walls to structures related to the nasal and oral cavities and 
larynx is discontinuous and in three parts (Fig. 8.189). 


First part 


On each side, the anterior line of attachment of the lateral 
pharyngeal wall begins superiorly on the posterior edge of 
the medial pterygoid plate of the sphenoid bone just infe- 
rior to where the pharyngotympanic tube lies against this 
plate. It continues inferiorly along the edge of the medial 
plate of the pterygoid process and onto the pterygoid 
hamulus. From this point, the line descends along the pter- 
ygomandibular raphe to the mandible where this part of 
the line terminates. 

The pterygomandibular raphe is a linear cord-like 
connective tissue ligament that spans the distance between 
the tip of the pterygoid hamulus and a triangular roughen- 
ing immediately posterior to the third molar on the man- 
dible. It joins a muscle of the lateral pharyngeal wall 
(superior constrictor) with a muscle of the lateral wall of 
the oral cavity (buccinator). 


Medial plate 


of pterygoid process Pharyngotympanic tube 


Pterygoid hamulus Pharyngeal tubercle 


an | 


Styloid 
process 


bown np 
UI 


Wit - 
a 





Retro- 
pharyngeal 
space 





Pharyngeal 


Pterygomandibular raphe 


raphe 


Stylohyoid ligament 


Oblique line 


Cricothyroid muscle 
Cricoid cartilage 
Esophagus 


Fig. 8.189 Attachments of the lateral pharyngeal wall. 


Second part 


The second part of the line of attachment of the lateral 
pharyngeal wall is related to the hyoid bone. It begins on 
the lower aspect of the stylohyoid ligament, which con- 
nects the tip of the styloid process of the temporal bone to 
the lesser horn of the hyoid bone. The line continues 
onto the lesser horn and then turns and runs posteriorly 
along the entire upper surface of the greater horn of the 
hyoid where it terminates. 


Third part 


The most inferior and third part of the line of attachment 
of the lateral pharyngeal wall begins superiorly on the 
superior tubercle of the thyroid cartilage, and descends 
along the oblique line to the inferior tubercle. 

From the inferior tubercle, the line of attachment con- 
tinues over the cricothyroid muscle along a tendinous 
thickening of fascia to the cricoid cartilage where it 
terminates. 


Pharyngeal wall 


The pharyngeal wall is formed by skeletal muscles and by 
fascia. Gaps between the muscles are reinforced by the 
fascia and provide routes for structures to pass through 
the wall. 


Muscles 


The muscles of the pharynx are organized into two groups 
based on the orientation of muscle fibers. 

The constrictor muscles have fibers oriented in a circu- 
lar direction relative to the pharyngeal wall, whereas the 
longitudinal muscles have fibers oriented vertically. 


Constrictor muscles 


The three constrictor muscles on each side are major con- 
tributors to the structure of the pharyngeal wall (Fig. 8.190 
and Table 8.17) and their names indicate their position— 
superior, middle, and inferior constrictor muscles. Posteri- 
orly, the muscles from each side are joined together by the 
pharyngeal raphe. Anteriorly, these muscles attach to 
bones and ligaments related to the lateral margins of the 
nasal and oral cavities and the larynx. 

The constrictor muscles overlap each other in a fashion 
resembling the walls of three flower pots stacked one on 
the other. The inferior constrictors overlap the lower 
margins of the middle constrictors and, in the same way, 
the middle constrictors overlap the superior constrictors. 

Collectively, the muscles constrict or narrow the pha- 
ryngeal cavity. 
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Fig. 8.190 Constrictor muscles of the pharynx. A. Lateral view. B. Posterior view. 


Innervation Function 


Vagus nerve [X] — Constriction of pharynx 


Vagus nerve [X] 


Constriction of pharynx 


Vagus nerve [X]  Constriction of pharynx 


Table 8.17 Constrictor muscles of the pharynx 

Posterior 
Muscle attachment Anterior attachment 
Superior Pharyngeal Pterygomandibular raphe and adjacent bone on the mandible and 
constrictor raphe pterygoid hamulus 
Middle Pharyngeal Upper margin of greater horn of hyoid bone and adjacent margins 
constrictor raphe of lesser horn and stylohyoid ligament 
Inferior Pharyngeal Cricoid cartilage, oblique line of thyroid cartilage, and a ligament 
constrictor raphe that spans between these attachments and crosses the 


cricothyroid muscle 


When the constrictor muscles contract sequentially 
from top to bottom, as in swallowing, they move a bolus of 
food through the pharynx and into the esophagus. 

All of the constrictors are innervated by the pharyngeal 
branch of the vagus nerve [X]. 


Superior constrictors 


The superior constrictor muscles together bracket the 
upper part of the pharyngeal cavity (Fig. 8.190). 


Fach muscle is attached anteriorly to the pterygoid 
hamulus, pterygomandibular raphe, and adjacent bone of 
the mandible. From these attachments, the muscle fans 
out posteriorly and joins with its partner muscle from the 
other side at the pharyngeal raphe. 

A special band of muscle (the palatopharyngeal 
sphincter) originates from the anterolateral surface of the 
soft palate and circles the inner aspect of the pharyngeal 
wall, blending with the inner aspect of the superior 
constrictor. 


When the superior constrictor constricts during swal- 
lowing, it forms a prominent ridge on the deep aspect of the 
pharyngeal wall that catches the margin of the elevated 
soft palate, which then seals closed the pharyngeal isthmus 
between the nasopharynx and oropharynx. 


Middle constrictors 


The middle constrictor muscles are attached to the lower 
aspect of the stylohyoid ligament, the lesser horn of the 
hyoid bone, and the entire upper surface of the greater 
horn of the hyoid (Fig. 8.190). 

Like the superior constrictors, the middle constrictor 
muscles fan out posteriorly and attach to the pharyngeal 
raphe. 

The posterior part of the middle constrictors overlaps 
the superior constrictors. 


Inferior constrictors 


The inferior constrictor muscles attach anteriorly to the 
oblique line of the thyroid cartilage, the cricoid cartilage, 
and a ligament that spans between these two attachments 





Stylopharyngeus 


Superior constrictor 


Palatine tonsil 


Middle constrictor 


to cartilage and crosses the cricothyroid muscle (Fig. 
8.190). 

Like the other constrictor muscles, the inferior constric- 
tor muscles spread out posteriorly and attach to the pha- 
ryngeal raphe. 

The posterior part of the inferior constrictors overlaps 
the middle constrictors. Inferiorly, the muscle fibers blend 
with and attach into the wall of the esophagus. 

The parts of the inferior constrictors attached to the 
cricoid cartilage bracket the narrowest part of the pharyn- 
geal cavity. 


Longitudinal muscles 


The three longitudinal muscles of the pharyngeal wall 
(Fig. 8.191 and Table 8.18) are named according to their 
origins—stylopharyngeus from the styloid process of the 
temporal bone, salpingopharyngeus from the cartilaginous 
part of the pharyngotympanic tube (salpinx is Greek for 
“tube”), and palatopharyngeus from the soft palate. From 
their sites of origin, these muscles descend and attach into 
the pharyngeal wall. 
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Fig. 8.191 Longitudinal muscles of the pharynx. A. Stylopharyngeus muscle. B. Medial view. 
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Table 8.18 Longitudinal muscles of the pharynx 


Muscle Origin 


Stylopharyngeus Medial side of base of styloid 


process 


Salpingopharyngeus Inferior aspect of pharyngeal end of 


pharyngotympanic tube 


Palatopharyngeus Upper surface of palatine 


aponeurosis 


The longitudinal muscles elevate the pharyngeal wall, 
or during swallowing, pull the pharyngeal wall up and 
over a bolus of food being moved through the pharynx and 
into the esophagus. 


Stylopharyngeus 

The cylindrical stylopharyngeus muscle (Fig. 8.191A) 
originates from the base of the medial surface of the styloid 
process of the temporal bone, descends between the supe- 
rior and middle constrictor muscles to fan out on, and 
blend with, the deep surface of the pharyngeal wall. It is 
innervated by the glossopharyngeal nerve [IX]. 


Salpingopharyngeus 

Salpingopharyngeus (Fig. 8.191B) is a small muscle origi- 
nating from the inferior aspect of the pharyngotympanic 
tube, descending on, and blending into the deep surface of 


the pharyngeal wall. It is innervated by the vagus nerve 
[X]. 


Palatopharyngeus 


Palatopharyngeus (Fig. 8.191B), in addition to being a 
muscle of the pharynx, is also a muscle of the soft palate 
(see p. 1048). It is attached to the upper surface of 
the palatine aponeurosis, and passes posteriorly and infe- 
riorly to blend with the deep surface of the pharyngeal 
wall. 

Palatopharyngeus forms an important fold in the over- 
lying mucosa (the palatopharyngeal arch). This arch is 
visible through the oral cavity and is a landmark for finding 
the palatine tonsil, which is immediately anterior to it on 
the oropharyngeal wall. 

In addition to elevating the pharynx, the palatopharyn- 
geus participates in closing the oropharyngeal isthmus by 
depressing the palate and moving the palatopharyngeal 
fold toward the midline. 

Palatopharyngeus is innervated by the vagus nerve 
[X]. 


Insertion 


Pharyngeal wall 


Pharyngeal wall 


Pharyngeal wall 


Innervation Function 


Glossopharyngeal 
nerve [IX] 


Elevation of the pharynx 


Vagus nerve [X] Elevation of the pharynx 


Vagus nerve [X] Elevation of the pharynx; closure of the 


oropharyngeal isthmus 


Fascia 


The pharyngeal fascia is separated into two layers, which 
sandwich the pharyngeal muscles between them: 


a thin layer (buccopharyngeal fascia) coats the 
outside of the muscular part of the wall and is a com- 
ponent of the pretracheal layer of cervical fascia (see pg. 
950); 

a much thicker layer (pharyngobasilar fascia) lines 
the inner surface. 


The fascia reinforces the pharyngeal wall where muscle 
is deficient. This is particularly evident above the level of 
the superior constrictor where the pharyngeal wall is 
formed almost entirely of fascia (Fig. 8.191). This part of 
the wall is reinforced externally by muscles of the soft 
palate (tensor and levator veli palatini). 


Gaps in the pharyngeal wall and 
structures passing through them 


Gaps between muscles of the pharyngeal wall provide 
important routes for muscles and neurovascular tissues 
(Fig. 8.192). 

Above the margin of superior constrictor, the pharyn- 
geal wall is deficient in muscle and completed by pharyn- 
geal fascia. 

The tensor and levator veli palatini muscles of the soft 
palate initially descend from the base of the skull and are 
lateral to the pharyngeal fascia. In this position, they rein- 
force the pharyngeal wall: 


levator veli palatini passes through the pharyngeal 
fascia inferior to the pharyngotympanic tube and enters 
the soft palate; 

the tendon of tensor veli palatini turns medially around 
the pterygoid hamulus and passes through the origin 
of the buccinator muscle to enter the soft palate. 
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Fig. 8.192 Gaps between muscles in the pharyngeal wall. 


One of the largest and most important apertures in the 
pharyngeal wall is between the superior and middle con- 
strictor muscles of the pharynx and the posterior border of 
the mylohyoid muscle, which forms the floor of the mouth 
(Fig. 8.192). This triangular-shaped gap not only enables 
stylopharyngeus to slip into the pharyngeal wall, but also 
allows muscles, nerves, and vessels to pass between regions 
lateral to the pharyngeal wall and the oral cavity, particu- 
larly to the tongue. 

The gap between the middle and inferior constrictor 
muscles allows the internal laryngeal vessels and nerve 
access to the aperture in the thyrohyoid membrane to 
enter the larynx. 


The recurrent laryngeal nerves and accompanying 
inferior laryngeal vessels enter the larynx posterior to the 
inferior horn of the thyroid cartilage deep to the inferior 
margin of the inferior constrictor muscle. 


Nasopharynx 


The nasopharynx is behind the posterior apertures 
(choanae) of the nasal cavities and above the level of the 
soft palate (Fig. 8.193). Its ceiling is formed by the sloping 
base of the skull and consists of the posterior part of the 
body of the sphenoid bone and the basal part of the occipi- 
tal bone. The ceiling and lateral walls of the nasopharynx 
form a domed vault at the top of the pharyngeal cavity that 
is always open. 

The cavity of the nasopharynx is continuous below with 
the cavity of the oropharynx at the pharyngeal isthmus. 
The position of the pharyngeal isthmus is marked on the 
pharyngeal wall by a mucosal fold caused by the underly- 
ing palatopharyngeal sphincter, which is part of the supe- 
rior constrictor muscle. 

Elevation of the soft palate and constriction of the pala- 
topharyngeal sphincter closes the pharyngeal isthmus 
during swallowing and separates the nasopharynx from 
the oropharynx. 

There is a large collection of lymphoid tissue (the pha- 
ryngeal tonsil) in the mucosa covering the roof of the 
nasopharynx. Enlargement of this tonsil, known then as 
adenoids, can occlude the nasopharynx so that breathing 
is only possible through the oral cavity. 

The most prominent features on each lateral wall of the 
nasopharynx are: 


= the pharyngeal opening of the pharyngotympanic tube; 
and 

= mucosal elevations and folds covering the end of the 
pharyngotympanic tube and the adjacent muscles. 


The opening of the pharyngotympanic tube is posterior 
to and slightly above the level of the hard palate, and lateral 
to the top of the soft palate. 

Because the pharyngotympanic tube projects into the 
nasopharynx from a posterolateral direction, its posterior 
rim forms an elevation or bulge on the pharyngeal wall. 
Posterior to this tubal elevation (torus tubarius) is a deep 
recess (pharyngeal recess). 
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Fig. 8.193 Mucosal features of the pharynx. A. Lateral view. B. Posterior view with the pharyngeal wall opened. C. Superior view. 
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Mucosal folds related to the pharyngotympanic tube 
include: 


the small vertical salpingopharyngeal fold, which 
descends from the tubal elevation and overlies salpin- 
gopharyngeus muscle; and 

a broad fold or elevation (torus levatorius) that 
appears to emerge from just under the opening of the 
pharyngotympanic tube, continues medially onto the 
upper surface of the soft palate, and overlies the levator 
veli palatini muscle. 


Oropharynx 


The oropharynx is posterior to the oral cavity, inferior to 
the level of the soft palate, and superior to the upper margin 
of the epiglottis (Fig. 8.193). The palatoglossal folds 
(arches), one on each side, that cover the palatoglossal 
muscles, mark the boundary between the oral cavity and 
the oropharynx. The arched opening between the two folds 
is the oropharyngeal isthmus. Just posterior and medial to 
these folds are another pair of folds (arches), the palatopha- 
ryngeal folds, one on each side, that overlie the palatopha- 
ryngeus muscles. 

The anterior wall of the oropharynx inferior to the oro- 
pharyngeal isthmus is formed by the upper part of the pos- 
terior one-third or pharyngeal part of the tongue. Large 
collections of lymphoid tissue (the lingual tonsil) are in the 
mucosa covering this part of the tongue. 

The palatine tonsils are on the lateral walls of the oro- 
pharynx. On each side, there is a large ovoid collection of 
lymphoid tissue in the mucosa lining the superior constric- 
tor muscle and between the palatoglossal and palatopha- 
ryngeal arches. The palatine tonsils are visible through the 
oral cavity just posterior to the palatoglossal folds. 

When holding liquid or solids in the oral cavity, the 
oropharyngeal isthmus is closed by depression of the soft 
palate, elevation of the back of the tongue, and movement 
toward the midline of the palatoglossal and palatopharyn- 
geal folds. This allows a person to breathe while chewing 
or manipulating material in the oral cavity. 

On swallowing, the oropharyngeal isthmus is opened, 
the palate is elevated, the laryngeal cavity is closed, and 
the food or liquid is directed into the esophagus. A person 
cannot breathe and swallow at the same time because the 
airway is closed at two sites, the pharyngeal isthmus and 
the larynx. 


Regional anatomy ° Pharynx 


Laryngopharynx 

The laryngopharynx extends from the superior margin of 
the epiglottis to the top of the esophagus at the level of 
vertebra CVI (Fig. 8.193). 

The laryngeal inlet opens into the anterior wall of the 
laryngopharynx. Inferior to the laryngeal inlet, the ante- 
rior wall consists of the posterior aspect of the larynx. 

The cavity of the laryngopharynx is related anteriorly 
to a pair of mucosal pouches (valleculae), one on each 
side of the midline, between the base of the tongue and 
epiglottis. The valleculae are depressions formed between 
a midline mucosal fold and two lateral folds that connect 
the tongue to the epiglottis. 

There is another pair of mucosal recesses (piriform 
fossae) between the central part of the larynx and the 
more lateral lamina of the thyroid cartilage. The piriform 
fossae form channels that direct solids and liquids from the 
oral cavity around the raised laryngeal inlet and into the 
esophagus. 


Tonsils 


Collections of lymphoid tissue in the mucosa of the pharynx 
surrounding the openings of the nasal and oral cavities are 
part of the body’s defense system. The largest of these col- 
lections form distinct masses (tonsils). Tonsils occur 
mainly in three areas (Fig. 8.193): 


the pharyngeal tonsil, known as adenoids when 
enlarged, is in the midline on the roof of the 
nasopharynx; 

the palatine tonsils are on each side of the oropharynx 
between the palatoglossal and palatopharyngeal arches 
just posterior to the oropharyngeal isthmus; (The pala- 
tine tonsils are visible through the open mouth of a 
patient when the tongue is depressed.) 

the lingual tonsil refers collectively to numerous lym- 
phoid nodules on the posterior one-third of the 
tongue. 


Small lymphoid nodules also occur in the pharyngo- 
tympanic tube near its opening into the nasopharynx, and 
on the upper surface of the soft palate. 
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Vessels 
Arteries 


Numerous vessels supply the pharyngeal wall (Fig. 
8.194), 

Arteries that supply upper parts of the pharynx 
include: 


the ascending pharyngeal artery; 
the ascending palatine and tonsillar branches of the 
facial artery; and 

= numerous branches of the maxillary and the lingual 
arteries. 
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994 Fig. 8.194 Arterial supply of the pharynx. 


All these vessels are from the external carotid artery. 

Arteries that supply the lower parts of the pharynx 
include pharyngeal branches from the inferior thyroid 
artery, which originates from the thyrocervical trunk of 
the subclavian artery. 

The major blood supply to the palatine tonsil is from the 
tonsillar branch of the facial artery, which penetrates the 
superior constrictor muscle. 
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Veins 


Veins of the pharynx form a plexus, which drains superi- 
orly into the pterygoid plexus in the infratemporal fossa, 
and inferiorly into the facial and internal jugular veins 
(Fig. 8.195). 


Lymphatics 
Lymphatic vessels from the pharynx drain into the deep 
cervical nodes and include retropharyngeal (between 
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Fig. 8.195 Venous and lymphatic drainage of the pharynx. 





nasopharynx and vertebral column), paratracheal, and 
infrahyoid nodes (Fig. 8.195). 

The palatine tonsils drain through the pharyngeal wall 
into the jugulodigastric nodes in the region where the 
facial vein drains into the internal jugular vein (and infe- 
rior to the posterior belly of the digastric muscle). 
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Nerves 


Motor and most sensory innervation (except for the nasal 
region) of the pharynx is mainly through branches of the 
vagus |X] and glossopharyngeal [IX] nerves, which form a 
plexus in the outer fascia of the pharyngeal wall (Fig. 
8.196). 

The pharyngeal plexus is formed by: 


the pharyngeal branch of the vagus nerve [X]; 
branches from the external laryngeal nerve from the 
superior laryngeal branch of the vagus nerve [X]; 
and 

= pharyngeal branches of the glossopharyngeal nerve 
[IX]. 


The pharyngeal branch of the vagus nerve [X] orig- 
inates from the upper part of its inferior ganglion above 
the origin of the superior laryngeal nerve and is the major 
motor nerve of the pharynx. 

All muscles of the pharynx are innervated by the vagus 
nerve |X| mainly through the pharyngeal plexus, except 
for the stylopharyngeus, which is innervated directly by a 
branch of the glossopharyngeal nerve [IX]. 
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Fig. 8.196 Innervation of the pharynx. 
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Oropharynx 
-sensory [IX] 


Each subdivision of the pharynx has a different sensory 
innervation: 


= the nasopharynx is innervated by a pharyngeal branch 
of the maxillary nerve |V,| that originates in the ptery- 
gopalatine fossa and passes through the palatovaginal 
canal in the sphenoid bone to reach the roof of the 
pharynx; 

= the oropharynx is innervated by the glossopharyngeal 
nerve [IX] via the pharyngeal plexus; 

= thelaryngopharynxisinnervated by the vagus nerve [X] 
via the internal branch ofthe superior laryngeal artery. 


Glossopharyngeal nerve [IX] 


The glossopharyngeal nerve [IX] is related to the pharynx 
throughout most of its course outside the cranial cavity. 

After exiting the skull through the jugular foramen, the 
glossopharyngeal nerve [IX] descends on the posterior 
surface of the stylopharyngeus muscle, passes onto the 
lateral surface of the stylopharyngeus, and then passes 
anteriorly through the gap between the superior and 
middle constrictors to eventually reach the posterior aspect 
of the tongue. 





Motor branch to 


As the glossopharyngeal nerve [IX] passes under the 
free edge of superior constrictor, it is just inferior to the 
palatine tonsil lying on the deep surface of the superior 
constrictor. 

Pharyngeal branches to the pharyngeal plexus and a 
motor branch to the stylopharyngeus muscle are among 
branches that originate from the glossopharyngeal nerve 
[IX] in the neck. Because sensory innervation of the oro- 
pharynx is by the glossopharyngeal nerve [IX], this nerve 
carries sensory innervation from the palatine tonsil and is 
also the afferent limb of the gag reflex. 


LARYNX 


The larynx is a hollow musculoligamentous structure with 
a cartilaginous framework that caps the lower respiratory 
tract. 

The cavity of the larynx is continuous below with the 
trachea, and above opens into the pharynx immediately 
posterior and slightly inferior to the tongue and the poste- 
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Fig. 8.197 Larynx. A. Relationship to other cavities. B. Lateral view. 
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rior opening (oropharyngeal isthmus) of the oral cavity 
(Fig. 8.197A and B). 

The larynx is both a valve (or sphincter) to close the 
lower respiratory tract, and an instrument to produce 
sound. It is composed of: 


= three large unpaired cartilages (cricoid, thyroid, and 
epiglottis); 

= three pairs of smaller cartilages (arytenoid, corniculate, 
and cuneiform); and 

= a fibro-elastic membrane and numerous intrinsic 
muscles. 


The larynx is suspended from the hyoid bone above and 
attached to the trachea below by membranes and liga- 
ments. Itis highly mobile in the neck and can be moved up 
and down and forward and backward by the action of 
extrinsic muscles that attach either to the larynx itself or 
to the hyoid bone. 

During swallowing, the dramatic upward and forward 
movements of the larynx facilitate closing the laryngeal 
inlet and opening the esophagus. 
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Fig. 8.198 Cricoid cartilage. A. Anterolateral view. B. Posterior view. 


Motor and sensory innervation of the larynx is provided 
by the vagus nerve [X]. 


Laryngeal cartilages 
Cricoid cartilage 


The cricoid cartilage is the most inferior of the laryngeal 
cartilages and completely encircles the airway (Fig. 8.198). 
It is shaped like a signet ring with a broad lamina of 
cricoid cartilage posterior to the airway and a much nar- 
rower arch of cricoid cartilage circling anteriorly. 

The posterior surface of the lamina is characterized by 
two shallow oval depressions separated by a vertical ridge. 
The esophagus is attached to the ridge and the depressions 
are for attachment of the posterior crico-arytenoid 
muscles. 

The cricoid cartilage has two articular facets on each 
side for articulation with other laryngeal cartilages: 


= one facet is on the sloping superolateral surface of the 
lamina and articulates with the base of an arytenoid 
cartilage; 

= the other facet is on the lateral surface of the lamina 
near its base and is for articulation with the medial 
surface of the inferior horn of the thyroid cartilage. 


Thyroid cartilage 


The thyroid cartilage (Fig. 8.199) is the largest of the 
laryngeal cartilages. It is formed by aright anda left lamina, 
which are widely separated posteriorly, but converge and 
join anteriorly. The most superior point of the site of fusion 
between the two broad flat laminae projects forward as the 
laryngeal prominence (Adam’s apple). The angle 
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Fig. 8.199 Thyroid cartilage. A. Anterolateral view. 


between the two laminae is more acute in men (90°) than 
in women (120°) so the laryngeal prominence is more 
apparent in men than women. 

Just superior to the laryngeal prominence, the superior 
thyroid notch separates the two laminae as they diverge 
laterally. Both the superior thyroid notch and the laryn- 
geal prominence are palpable landmarks in the neck. There 
is a less distinct inferior thyroid notch in the midline 
along the base of the thyroid cartilage. 
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Fig. 8.199, cont'd Thyroid cartilage. B. Superior view. 
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Fig. 8.200 Epiglottis. A. Anterolateral view. B. Posterior surface. 


The posterior margin of each lamina of the thyroid car- 
tilage is elongated to form a superior horn and an infe- 
rior horn: 


= the medial surface of the inferior horn has a facet for 
articulation with the cricoid cartilage; 

= the superior horn is connected by a lateral thyrohy- 
oid ligament to the posterior end of the greater horn 
of the hyoid bone. 


The lateral surface of each thyroid lamina is marked by 
a ridge (the oblique line), which curves anteriorly from 
the base of the superior horn to a little short of midway 
along the inferior margin of the lamina. 

The ends of the oblique line are expanded to form supe- 
rior and inferior thyroid tubercles. The oblique line is 
a site of attachment for the extrinsic muscles of the larynx 
(sternothyroid, thyrohyoid, and inferior constrictor). 


Epiglottis 
The epiglottis is a leaf-shaped cartilage attached by its stem 
to the posterior aspect of the thyroid cartilage at the angle 
(Fig. 8.200) and projects posterosuperiorly from its attach- 
ment to the thyroid cartilage. The attachment is via the 
thyro-epiglottic ligament in the midline approximately 
midway between the laryngeal prominence and the infe- 
rior thyroid notch. The upper margin of the epiglottis is 
behind the pharyngeal part of the tongue. 

The inferior half of the posterior surface of the epiglottis 
is raised slightly to form an epiglottic tubercle. 


Arytenoid cartilages 


The two arytenoid cartilages are pyramid-shaped carti- 
lages with three surfaces, a base of arytenoid cartilage 
and an apex of arytenoid cartilage (Fig. 8.201): 


= the base is concave and articulates with the sloping 
articular facet on the superolateral surface of the lamina 
of cricoid cartilage; 
the apex articulates with a corniculate cartilage; 
the medial surface of each cartilage faces the other; 
the anterolateral surface has two depressions, sepa- 
rated by a ridge, for muscle (vocalis) and ligament (ves- 
tibular ligament) attachment. 


The anterior angle of the base is elongated into a vocal 
process to which the vocal ligament is attached. The 
lateral angle is similarly elongated into a muscular process 
for attachment of the posterior and lateral crico-arytenoid 
muscles. 
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Fig. 8.201 Arytenoid cartilages. 


Corniculate 


The corniculate cartilages (Fig. 8.202) are two small 
conical cartilages whose bases articulate with the apices of 
the arytenoid cartilages. Their apices project posteromedi- 


ally toward each other. Cuneiform cartilages 


Cuneiform 


These two small club-shaped cartilages (Fig. 8.202) lie 
anterior to the corniculate cartilages and are suspended in 
the part of the fibro-elastic membrane of the larynx that 
attaches the arytenoid cartilages to the lateral margin of 
the epiglottis. 


Corniculate cartilages 


Extrinsic ligaments 
Thyrohyoid membrane 


The thyrohyoid membrane is a tough fibro-elastic ligament 
that spans between the superior margin of the thyroid car- 
tilage below and the hyoid bone above (Fig. 8.203). It is 
attached to the superior margin of the thyroid laminae and 
adjacent anterior margins of the superior horns, and 
ascends medial to the greater horns and posterior to the | 
body of the hyoid bone to attach to the superior margins of ` 
these structures. 


Fig. 8.202 Corniculate and cuneiform cartilages. 
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An aperture in the lateral part of the thyrohyoid mem- 
brane on each side is for the superior laryngeal artery, the 
internal branch of the superior laryngeal nerve and 
lymphatics. 

The posterior borders of the thyrohyoid membrane are 
thickened to form the lateral thyrohyoid ligaments. The 
membrane is also thickened anteriorly in the midline to 
form the median thyrohyoid ligament. 

Occasionally, there is a small cartilage (triticeal carti- 
lage) in each lateral thyrohyoid ligament. 


Hyo-epiglottic ligament 
The hyo-epiglottic ligament (Fig. 8.203) extends from the 


midline of the epiglottis, anterosuperiorly to the body of the 
hyoid bone. 


Cricotracheal ligament 


The cricotracheal ligament (Fig. 8.203) runs from the 
lower border of the cricoid cartilage to the adjacent upper 
border of the first tracheal cartilage. 
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Fig. 8.203 Extrinsic ligaments of the larynx. 


Intrinsic ligaments 
Fibro-elastic membrane of the larynx 


The fibro-elastic membrane of the larynx links together the 
laryngeal cartilages and completes the architectural frame- 
work of the laryngeal cavity. It is composed of two parts— 
a lower cricothyroid ligament and an upper quadrangular 
membrane. 


Cricothyroid ligament (cricovocal 
membrane, cricothyroid membrane) 


The cricothyroid ligament (Fig. 8.204) is attached to the 
arch of cricoid cartilage and extends superiorly to end in a 
free upper margin within the space enclosed by the thyroid 
cartilage. On each side, this upper free margin attaches: 


anteriorly to the thyroid cartilage; and 
posteriorly to the vocal processes of the arytenoid 
cartilages. 


The free margin between these two points of attach- 
ment is thickened to form the vocal ligament, which is 
under the vocal fold (true vocal cord) of the larynx. 

The cricothyroid ligament is also thickened anteriorly 
in the midline to form a distinct median cricothyroid 
ligament, which spans the distance between the arch of 
cricoid cartilage and the inferior thyroid notch and adja- 
cent deep surface of the thyroid cartilage up to the attach- 
ment of the vocal ligaments. 


Vocal ligament 





Cricothyroid ligament 


Median cricothyroid ligament 


Fig. 8.204 Cricothyroid ligament. 
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In emergency situations, when the airway is blocked 
above the level of the vocal folds, the median cricothyroid 
ligament can be perforated to establish an airway. Except 
for small vessels and the occasional presence of a pyrami- 
dal lobe of the thyroid gland, normally there are few struc- 
tures between the median cricothyroid ligament and 
skin. 


Quadrangular membrane 


The quadrangular membrane on each side runs between 
the lateral margin of the epiglottis and the anterolateral 
surface of the arytenoid cartilage on the same side (Fig. 
8.205). It is also attached to the corniculate cartilage, 
which articulates with the apex of arytenoid cartilage. 

Each quadrangular membrane has a free upper margin, 
between the top of the epiglottis and the corniculate carti- 
lage, and a free lower margin. The free lower margin is 
thickened to form the vestibular ligament under the ves- 
tibular fold (false vocal cord) of the larynx. 

The vestibular ligament is attached posteriorly to the 
superior depression on the anterolateral surface of the ary- 
tenoid cartilage and anteriorly to the thyroid angle just 
superior to the attachment of the vocal ligament. 
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Fig. 8.205 Quadrangular membrane. 


On each side, the vestibular ligament of the quadrangu- 
lar membrane is separated from the vocal ligament of the 
cricothyroid ligament below by a gap. Because the vestibu- 
lar ligament attaches to the anterolateral surface of the 
arytenoid cartilage and the vocal ligament attaches to the 
vocal process of the same cartilage, the vestibular ligament 
is lateral to the vocal ligament when viewed from above 
(Fig. 8.206). 


Laryngeal joints 

Cricothyroid joints 

The joints between the inferior horns of the thyroid carti- 
lage and the cricoid cartilage, and between the cricoid car- 
tilage and arytenoid cartilages are synovial. Each is 
surrounded by a capsule and is reinforced by associated 
ligaments. The cricothyroid joints enable the thyroid car- 
tilage to move forward and tilt downward on the cricoid 
cartilage (Fig. 8.207). 

Because the vocal ligaments pass between the posterior 
aspect of the thyroid angle and the arytenoid cartilages sit 
on the lamina of cricoid cartilage, forward movement and 
downward rotation of the thyroid cartilage on the cricoid 
cartilage effectively lengthens and puts tension on the 
vocal ligaments. 
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Fig. 8.206 Fibro-elastic membrane of the larynx (superior view). 


Crico-arytenoid joints 

The crico-arytenoid joints between articular facets on the 
superolateral surfaces of the cricoid cartilage and the bases 
of the arytenoid cartilages enable the arytenoid cartilages 
to slide away or toward each other and to rotate so that 
the vocal processes pivot either toward or away from the 
midline. These movements abduct and adduct the vocal 
ligaments (Fig. 8.208). 


Cavity of the larynx 


The central cavity of the larynx (Fig. 8.209) is tubular and 
lined by mucosa. Its architectural support is provided by 






Vocal ligament 
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Fig. 8.207 Movements of the cricothyroid joints. 





Fig. 8.208 Movements of the crico-arytenoid joints. 


the fibro-elastic membrane of the larynx and by the laryn- 
geal cartilages to which it is attached. 

The superior aperture of the cavity (laryngeal inlet) 
opens into the anterior aspect of the pharynx just below 
and posterior to the tongue (Fig. 8.209A): 


= its anterior border is formed by mucosa covering the 
superior margin of the epiglottis; 

= its lateral borders are formed by mucosal folds (ari- 
epiglottic folds), which enclose the superior margins 
of the quadrangular membranes and adjacent soft 
tissues, and two tubercles on the more posterolateral 
margin of the laryngeal inlet on each side mark the 
positions of the underlying cuneiform and corniculate 
cartilages; 

= its posterior border in the midline is formed by a mucosal 
fold that forms a depression (interarytenoid notch) 
between the two corniculate tubercles. 


The inferior opening of the laryngeal cavity is continu- 
ous with the lumen of the trachea, is completely encircled 
by the cricoid cartilage, and is horizontal in position 
unlike the laryngeal inlet, which is oblique and points 
posterosuperiorly into the pharynx. In addition, the infe- 
rior opening is continuously open, whereas the laryngeal 
inlet can be closed by downward movement of the 
epiglottis. 


Division into three major regions 


Two pairs of mucosal folds, the vestibular and vocal folds, 
which project medially from the lateral walls of the laryn- 
geal cavity, constrict it and divide it into three major 
regions—the vestibule, a middle chamber, and the infra- 
glottic cavity (Fig. 8.209B): 


= the vestibule is the upper chamber of the laryngeal 
cavity between the laryngeal inlet and the vestibular 
folds, which enclose the vestibular ligaments and asso- 
ciated soft tissues; 

= the middle part of the laryngeal cavity is very thin and 
is between the vestibular folds above and the vocal folds 
below; 

= the infraglottic space is the most inferior chamber 
of the laryngeal cavity and is between the vocal folds 
(which enclose the vocal ligaments and related soft 
tissues) and the inferior opening of the larynx. 
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Fig. 8.209 Laryngeal cavity. A. Posterolateral view. B. Posterior view (cutaway). C. Superior view through the laryngeal inlet. D. Labeled 
photographs of the larynx, superior view. 
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Laryngeal ventricles and saccules 


On each side, the mucosa of the middle cavity bulges later- 
ally through the gap between the vestibular and vocal liga- 
ments to produce an expanded trough-shaped space (a 
laryngeal ventricle). An elongate tubular extension of 
each ventricle (laryngeal saccule) projects anterosuperi- 
orly between the vestibular fold and thyroid cartilage and 
may reach as high as the top of the thyroid cartilage. 
Within the walls of these laryngeal saccules are numerous 
mucous glands. Mucus secreted into the saccules lubri- 
cates the vocal folds. 


Rima vestibuli and rima glottidis 


When viewed from above (Fig. 8.209C and 8.209D), there 
is a triangular opening (the rima vestibuli) between the 
two adjacent vestibular folds at the entrance to the middle 
chamber of the laryngeal cavity. The apex of the opening 
is anterior and its base is formed by the posterior wall of 
the laryngeal cavity. 

Inferior to the vestibular folds, the vocal folds (true vocal 
cords) and adjacent mucosa-covered parts of the arytenoid 
cartilages form the lateral walls of a similar, but narrower 
triangular opening (the rima glottidis between the two 
adjacent vocal folds). This opening separates the middle 
chamber above from the infraglottic cavity below. The 
base of this triangular opening is formed by the fold of 
mucosa (interarytenoid fold) at the bottom of the inter- 
arytenoid notch. 

Both the rima glottidis and the rima vestibuli can be 
opened and closed by movement of the arytenoid cartilages 
and associated fibro-elastic membranes. 


Intrinsic muscles 


The intrinsic muscles of the larynx (Table 8.19) adjust 
tension in the vocal ligaments, open and close the rima 
glottidis, control the inner dimensions of the vestibule, 
close the rima vestibuli, and facilitate closing of the laryn- 
geal inlet. They do this mainly by: 


= acting on the cricothyroid and crico-arytenoid joints; 
= adjusting the distance between the epiglottis and aryte- 
noid cartilages; 





= pulling directly on the vocal ligaments; and 
forcing soft tissues associated with the quadrangular 
membranes and vestibular ligaments toward the 
midline. 


Cricothyroid muscles 


The fan-shaped cricothyroid muscles are attached to the 
anterolateral surfaces of the arch of the cricoid cartilage 
and expand superiorly and posteriorly to attach to the 
thyroid cartilage (Fig. 8.210). 

Each muscle has an oblique part and a straight part: 


= the oblique part runs in a posterior direction from the 


arch of the cricoid cartilage to the inferior horn of the 
thyroid cartilage; 


Straight 


Cricothyroid 
muscle 





Oblique 
part 


Fig. 8.210 Cricothyroid muscle. 
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Table 8.19 Intrinsic muscles of the larynx 
Muscle Origin Insertion 
Cricothyroid Anterolateral aspect of arch Oblique part—inferior horn of 


Posterior crico- 
arytenoid 


Lateral crico- 


of cricoid cartilage 


Oval depression on 
posterior surface of lamina 
of cricoid cartilage 


Superior surface of arch of 


the thyroid cartilage; straight 
part—inferior margin of thyroid 
cartilage 


Posterior surface of muscular 
process of arytenoid cartilage 


Anterior surface of muscular 


arytenoid cricoid cartilage process of arytenoid cartilage 
Transverse Lateral border of posterior Lateral border of posterior 
arytenoid surface of arytenoid surface of opposite arytenoid 
cartilage cartilage 
Oblique Posterior surface of Posterior surface of apex of 
arytenoid muscular process of adjacent arytenoid cartilage; 
arytenoid cartilage extends into aryepiglottic fold 
Thyro- Thyroid angle and adjacent Anterolateral surface of arytenoid 
arytenoid cricothyroid ligament cartilage; some fibers continue in 
aryepiglottic folds to the lateral 
margin of the epiglottis 
Vocalis Lateral surface of vocal Vocal ligament and thyroid angle 


process of arytenoid 


Innervation 


External branch of 


superior laryngeal nerve 
from the vagus nerve [X] 


Recurrent laryngeal 
branch of the vagus 
nerve [X] 


Recurrent laryngeal 
branch of the vagus 
nerve [X] 


Recurrent laryngeal 
branch of the vagus 
nerve [X] 


Recurrent laryngeal 
branch of the vagus 
nerve [X] 


Recurrent laryngeal 
branch of the vagus 
nerve [X] 


Recurrent laryngeal 
branch of the vagus 


Function 


Forward and downward 
rotation of the thyroid 
cartilage at the cricothyroid 
joint 

Abduction and external 
rotation of the arytenoid 
cartilage 


Internal rotation of the 
arytenoid cartilage and 
adduction of vocal folds 


Adduction of arytenoid 
cartilages 


Sphincter of the laryngeal 
inlet 


Sphincter of vestibule and 
of laryngeal inlet 


Adjusts tension in vocal 
folds 


cartilage 


the straight part runs more vertically from the arch of 
the cricoid cartilage to the posteroinferior margin of the 
thyroid lamina. 


The cricothyroid muscles move the cricothyroid joints. 
They pull the thyroid cartilage forward and rotate it down 
relative to the cricoid cartilage. These actions lengthen the 
vocal folds. 

The cricothyroid muscles are the only intrinsic muscles 
of the larynx innervated by the superior laryngeal branches 
of the vagus nerves [X]. All other intrinsic muscles are 
innervated by the recurrent laryngeal branches of the 
vagus nerves [X]. 


Posterior crico-arytenoid muscles 


There is a right and a left posterior crico-arytenoid 
muscle (Fig. 8.211). The fibers of each muscle originate 
from a large shallow depression on the posterior surface of 
the lamina of cricoid cartilage, and run superiorly and lat- 
erally to converge on the muscular processes of the aryte- 
noid cartilage. 

The posterior crico-arytenoid muscles abduct and exter- 
nally (laterally) rotate the arytenoid cartilages, thereby 
opening the rima glottidis. These muscles are the primary 
abductors of the vocal folds. They are innervated by the 
recurrent laryngeal branches of the vagus nerves [X]. 


nerve [X] 







Rima glottidis 
Vocal ligaments 


Transverse Vocali 
arytenoid ids 
Oblique 
arytenoid 
Posterior Lateral 
crico-arytenoid cricothyroid 
ligament 


Lateral crico-arytenoid 


Fig. 8.211 Crico-arytenoid, oblique and transverse arytenoids, and 
vocalis muscles. 


Lateral crico-arytenoid muscles 


The lateral crico-arytenoid muscle on each side origi- 
nates from the upper surface of the arch of the cricoid car- 
tilage, and runs posteriorly and superiorly to insert on the 
muscular process of the arytenoid cartilage (Fig. 8.211). 

The lateral crico-arytenoid muscles internally rotate the 
arytenoid cartilages. These movements result in adducted 
(closed) vocal folds. 

The lateral crico-arytenoids are innervated by the recur- 
rent laryngeal branches of the vagus nerves |X]. 


Transverse arytenoid muscle 


The single transverse arytenoid muscle spans the dis- 
tance between adjacent lateral margins of the arytenoid 
cartilages and covers the posterior surfaces of these carti- 
lages (Fig. 8.211). It adducts the arytenoid cartilages and 
is innervated by the recurrent laryngeal branches of the 
vagus nerves [X]. 


Oblique arytenoid muscles 


Each of the two oblique arytenoid muscles runs from the 
posterior surface of the muscular process of one arytenoid 
cartilage to the apex of the arytenoid cartilage on the other 
side (Fig. 8.211). Some fibers of the muscle continue later- 
ally around the margin of the arytenoid cartilage and into 
the aryepiglottic fold where they continue as the aryepi- 
glottic part of the muscle (Fig. 8.212). 

The oblique arytenoids can narrow the laryngeal inlet 
by constricting the distance between the arytenoid carti- 
lages and the epiglottis. They are innervated by the recur- 
rent laryngeal branches of the vagus nerves [X]. 


Vocalis 


The vocalis muscles are elongate muscles lateral to and 
running parallel with each vocal ligament (Fig. 8.211). 
The fibers in each muscle are attached posteriorly to the 
lateral surface of the vocal process and adjacent depression 
on the anterolateral surface of the arytenoid cartilage, and 
anteriorly insert along the length of the vocal ligament to 
the thyroid angle. 

The vocalis muscles adjust tension in the vocal folds and 
are innervated by the recurrent laryngeal branches of the 
vagus nerves [X]. 


Thyro-arytenoid muscles 


The two thyro-arytenoid muscles are broad flat muscles 
lateral to the fibro-elastic membrane of the larynx and the 
laryngeal ventricles and saccules (Fig. 8.212). Each muscle 
runs from a vertical line of origin on the lower half of the 
thyroid angle and adjacent external surface of the crico- 
thyroid ligament to the anterolateral surface of the aryte- 
noid cartilage. Some of the fibers may continue into the 
aryepiglottic fold and reach the margin of the epiglottis. 
These fibers are the thyro-epiglottic part of the muscle. 

Because the thyro-arytenoid muscles are broad and 
lateral to the quadrangular membrane, they act as a 
sphincter of the vestibule by pushing soft tissues medial to 
the muscles toward the midline. The muscles also narrow 
the laryngeal inlet by pulling the arytenoid cartilages 
forward while simultaneously pulling the epiglottis toward 
the arytenoid cartilages. 

The thyro-arytenoid muscles are innervated by the 
recurrent laryngeal branches of the vagus nerves [X]. 





Ary-epiglottic part of 
oblique arytenoid 
muscle 


Superior thyroid 
notch 


Saccule 
Thyro-epiglottic 
part of thyro- 


arytenoid muscle 


Thyro-arytenoid 
muscle 


Fig. 8.212 Thyro-arytenoid muscle. 
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Function of the larynx 


The larynx is an elaborate sphincter for the lower respira- 
tory tract and provides a mechanism for producing sounds. 
Adjustments of the size of the central cavity of the larynx 
result from changes in the dimensions of the rima glottidis, 
the rima vestibuli, the vestibule, and the laryngeal inlet 
(Fig. 8.213). These changes result from muscle actions and 
laryngeal mechanics. 


A 
Quiet respiration 


Vocal fold 
Vestibular fold 






Aryepiglottic fold 


C Epiglottis 


Phonation 


e vocal folds 
adducted and 
stridulating as 
air is forced 
between them 

e vestibule open 


Vocal folds 
closed 






E 
Swallowing 
Epiglottis 
Laryngeal swings 
_ down to 
narrowe arytenoids 





Respiration 


During quiet respiration, the laryngeal inlet, vestibule, 
rima vestibuli, and rima glottidis are open. The arytenoid 
cartilages are abducted and the rima glottidis is triangular 
shaped (Fig. 8.213A). During forced inspiration (Fig. 
8.213B), the arytenoid cartilages are rotated laterally, 
mainly by the action of the posterior crico-arytenoid 
muscles. As a result, the vocal folds are abducted, and the 


Forced inspiration 


e vocal folds 
abducted 
and rima glottidis 
wide open 

e vestibule open 






D 


Effort closure Vestibular 


folds closed 
e vocal folds and 
vestibular folds 
adducted 
e rima glottidis and 
vestibule closed 






Fig. 8.213 Laryngeal function. A. Quiet respiration. B. Forced inspiration. C. Phonation. D. Effort closure. E. Swallowing. 


rima glottidis widens into a rhomboid shape, which effec- 
tively increases the diameter of the laryngeal airway. 


Phonation 


When phonating, the arytenoid cartilages and vocal folds 
are adducted and air is forced through the closed rima glot- 
tidis (Fig. 8.213C). This action causes the vocal folds to 
vibrate against each other and produce sounds, which can 
then be modified by the upper parts of the airway and oral 
cavity. Tension in the vocal folds can be adjusted by the 
vocalis and cricothyroid muscles. 


Effort closure 


Effort closure of the larynx (Fig. 8.213D) occurs when air 
is retained in the thoracic cavity to stabilize the trunk, for 
example during heavy lifting, or as part of the mechanism 
for increasing intra-abdominal pressure. During effort 


In the clinic 


Tracheostomy 
A tracheostomy is a procedure in which a hole is made in 
the trachea and a tube is inserted to enable ventilation. 

In the emergency situation a tracheostomy is typically 
performed when there is obstruction to the larynx as a 
result of inhalation of a foreign body, severe edema 
secondary to anaphylactic reaction, or severe head and 
neck trauma. 

In the emergency situation the cricothyroid ligament 
can be identified by simple palpation and a small needle 
can be inserted to establish an airway. The typical 
situation in which a tracheostomy is performed is in the 
calm atmosphere of an operating theater. A small 





closure, the rima glottidis is completely closed, as is the 
rima vestibuli and lower parts of the vestibule. The result 
is to completely and forcefully shut the airway. 


Swallowing 


During swallowing, the rima glottidis, the rima vestibuli, 
and vestibule are closed and the laryngeal inlet is nar- 
rowed. In addition, the larynx moves up and forward. This 
action causes the epiglottis to swing downward toward 
the arytenoid cartilages and to effectively narrow or close 
the laryngeal inlet (Fig. 8.213E). The up and forward 
movement of the larynx also opens the esophagus, which 
is attached to the posterior aspect of the lamina of cricoid 
cartilage. All these actions together prevent solids and 
liquids from entry into the airway and facilitate their move- 
ment through the piriform fossae into the esophagus. 


transverse incision is placed in the lower third of the neck 
anteriorly. The strap muscles are deviated laterally and the 
trachea can be easily visualized. Occasionally it is 
necessary to divide the isthmus of thyroid gland. An 
incision is made in the second and third tracheal rings and 
a small tracheostomy tube inserted. 

After the tracheostomy has been in situ for the 
required length of time, it is simply removed. The hole 
through which it was inserted almost inevitably closes 
without any intervention. 

Patients with long-term tracheostomies are unable to 
vocalize because no air is passing through the vocal cords. 
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Vessels 


Arteries 


The major blood supply to the larynx is by the superior and 
inferior laryngeal arteries (Fig. 8.214): 


= the superior laryngeal artery originates near the 
upper margin of the thyroid cartilage from the superior 
thyroid branch of the external carotid artery, and 
accompanies the internal branch of the superior laryn- 


Internal carotid artery 


Superior laryngeal artery 


Thyrohyoid membrane 
Superior thyroid artery 
Thyroid cartilage 


Cricoid cartilage 


Trachea 


Thyrocervical trunk 


Esophagus 


Rib | 


Fig. 8.214 Arterial supply of the larynx, left lateral view. 
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geal nerve through the thyrohyoid membrane to reach 
the larynx; 

the inferior laryngeal artery originates from the infe- 
rior thyroid branch of the thyrocervical trunk of the 
subclavian artery low in the neck and, together with 
the recurrent laryngeal nerve, ascends in the groove 
between the esophagus and trachea—it enters the 
larynx by passing deep to the margin of the inferior 
constrictor muscle of the pharynx. 
















External carotid artery 


Common carotid artery 
Inferior constrictor muscle 
of pharynx 

Inferior laryngeal artery 


Inferior thyroid artery 


Subclavian artery 


Scalene tubercle on rib | 





Veins 


Veins draining the larynx accompany the arteries: 


= superior laryngeal veins drain into superior thyroid 
veins, which in turn drain into the internal jugular 
veins (Fig. 8.215); 

= inferior laryngeal veins drain into inferior thyroid 
veins, which drain into the left brachiocephalic vein. 


Lymphatics 


Lymphatics drain regions above and below the vocal 
folds: 


Right internal jugular vein 


Superior thyroid vein 


Superior laryngeal vein 


Middle thyroid vein 


Inferior laryngeal vein 


Right subclavian vein 


Fig. 8.215 Venous drainage of the larynx, anterior view. 


Hyoid bone 


those above the vocal folds follow the superior laryn- 
geal artery and terminate in deep cervical nodes associ- 
ated with the bifurcation of the common carotid 
artery; 

those below the vocal folds drain into deep nodes associ- 
ated with the inferior thyroid artery or with nodes asso- 
ciated with the front of the cricothyroid ligament or 
upper trachea. 




















Thyrohyoid membrane 


Cricothyroid ligament 


Thyroid gland 


Inferior thyroid vein 


Manubrium of sternum 


Head and neck 





Nerves 


Sensory and motor innervation of the larynx is by two 
branches of the vagus nerves [X|—the superior laryngeal 
nerves and the recurrent laryngeal nerves (Fig. 8.216). 


Superior laryngeal nerves 

The superior laryngeal nerves originate from the infe- 
rior vagal ganglia high in the neck (Fig. 8.216). On each 
side, they descend medial to the internal carotid artery and 




















Right vagus nerve 
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Right pulmonary artery 


Fig. 8.216 Innervation of the larynx. 
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divide into internal and external branches just above 
the level of the superior horn of the hyoid bone: 


= theexternal branch (external laryngeal nerve) descends 
along the lateral wall of the pharynx to supply and pen- 
etrate the inferior constrictor of the pharynx and ends 
by supplying the cricothyroid muscle; 

= the internal branch (internal laryngeal nerve) passes 
anteroinferiorly to penetrate the thyrohyoid mem- 
brane—it is mainly sensory and supplies the laryngeal 
cavity down to the level of the vocal folds. 


Inferior vagal ganglion 


Superior laryngeal nerve 


Internal laryngeal nerve 


External laryngeal nerve 


Left vagus nerve 


Position of vocal folds 


Cricothyroid ligament 


Left recurrent laryngeal nerve 


Trachea 


Left subclavian artery 


Ligamentum arteriosum 


Left pulmonary artery 


Pulmonary trunk 


Esophagus 


Recurrent laryngeal nerves 


The recurrent laryngeal nerves are (Fig. 8.216): 


= sensory to the laryngeal cavity below the level of the 
vocal folds; and 

= motor to all intrinsic muscles of the larynx except for 
the cricothyroid. 


The left recurrent laryngeal nerve originates in the 
thorax, whereas the right recurrent laryngeal nerve origi- 
nates in the root of the neck. Both nerves generally ascend 
in the neck in the groove between the esophagus and 
trachea and enter the larynx deep to the margin of the 
inferior constrictor. They may pass medial, lateral, or 
through the lateral ligament of the thyroid gland, which 
attaches the thyroid gland to the trachea and lower part of 
the cricoid cartilage on each side. 










Right orbit 


Nasal septum 


External nose 


Nares 


Cranial cavity 


NASAL CAVITIES 


The two nasal cavities are the uppermost parts of the respi- 
ratory tract and contain the olfactory receptors. They are 
elongated wedge-shaped spaces with a large inferior base 
and a narrow superior apex (Figs. 8.217 and 8.218) and 
are held open by a skeletal framework consisting mainly of 
bone and cartilage. 

The smaller anterior regions of the cavities are enclosed 
by the external nose, whereas the larger posterior regions 
are more central within the skull. The anterior apertures 
of the nasal cavities are the nares, which open onto the 
inferior surface of the nose. The posterior apertures are the 
choanae, which open into the nasopharynx. 


Choanae 


Nasopharynx 


Soft palate 


Oropharynx 


Oral cavity 


Fig. 8.217 Nasal cavities (anterolateral view). Relationship to other cavities. 
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The nasal cavities are separated: 


Lateral wall 


from each other by a midline nasal septum; The lateral wall is characterized by three curved shelves of 

from the oral cavity below by the hard palate; and bone (conchae), which are one above the other and project 

from the cranial cavity above by parts of the frontal, medially and inferiorly across the nasal cavity (Fig. 

ethmoid, and sphenoid bones. 8.218B). The medial, anterior, and posterior margins of 
the conchae are free. 

Lateral to the nasal cavities are the orbits. The conchae divide each nasal cavity into four air chan- 


Each nasal cavity has a floor, roof, medial wall, and nels (Fig. 8.218C and 8.218D): 
lateral wall (Fig. 8.218A). 







Medial wall (nasal septum) 
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Inferior concha Inferior meatus 
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Air stream 


1014 Fig. 8.218 Nasal cavities. A. Floor, roof, and lateral walls. B. Conchae on lateral walls. C. Coronal section. D. Air channels in right nasal cavity. 


= an inferior nasal meatus between the inferior 
concha and the nasal floor; 

= a middle nasal meatus between the inferior and 
middle concha; 

= a superior nasal meatus between the middle and 
superior concha; and 

= a spheno-ethmoidal recess between the superior 
concha and the nasal roof. 


These conchae increase the surface area of contact 
between tissues of the lateral wall and the respired air. 

The openings of the paranasal sinuses, which are exten- 
sions of the nasal cavity that erode into the surrounding 
bones during childhood and early adulthood, are on the 
lateral wall and roof of the nasal cavities (Fig. 8.219). In 
addition, the lateral wall also contains the opening of the 
nasolacrimal duct, which drains tears from the eye into the 
nasal cavity. 


Regions 


Each nasal cavity consists of three general regions—the 
nasal vestibule, the respiratory region, and the olfactory 
region (Fig. 8.220): 


Frontal sinuses 


Ethmoidal cells 


Nasolacrimal duct 





Maxillary sinuses 


Fig. 8.219 Paranasal sinuses and nasolacrimal duct. 


= the nasal vestibule is a small dilated space just inter- 
nal to the naris that is lined by skin and contains hair 
follicles; 

= the respiratory region is the largest part of the nasal 
cavity, has a rich neurovascular supply, and is lined by 
respiratory epithelium composed mainly of ciliated and 
mucous cells; 

= the olfactory region is small, is at the apex of each 
nasal cavity, is lined by olfactory epithelium, and con- 
tains the olfactory receptors. 


In addition to housing receptors for the sense of smell 
(olfaction), the nasal cavities adjust the temperature and 
humidity of respired air by the action of a rich blood supply, 
and trap and remove particulate matter from the airway 
by filtering the air through hair in the vestibule and by 
capturing foreign material in abundant mucus. The mucus 
normally is moved posteriorly by cilia on epithelial cells in 
the nasal cavities and is swallowed. 


Olfactory regions 






Respiratory regions 


Nasal vestibules 


Fig. 8.220 Regions of the nasal cavities. 
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Innervation and blood supply 


Innervation of the nasal cavities is by three cranial 
nerves: 


olfaction is carried by the olfactory nerve [I]; 

general sensation is carried by the trigeminal nerve [V], 
the anterior region by the ophthalmic nerve [V,], and 
the posterior region by the maxillary nerve [V>]; 

all glands are innervated by parasympathetic fibers in 
the facial nerve [VII] (greater petrosal nerve), which 
join branches of the maxillary nerve [V,| in the ptery- 
gopalatine fossa. 


Sympathetic fibers are ultimately derived from the T1 
spinal cord level. They synapse mainly in the superior cer- 
vical sympathetic ganglion, and postganglionic fibers 
reach the nasal cavities along blood vessels, or by joining 
branches of the maxillary nerve |V,| in the pterygopalatine 
fossa. 

Blood supply to the nasal cavities is by: 


terminal branches of the maxillary and facial arteries, 
which originate from the external carotid artery; and 
from ethmoidal branches of the ophthalmic artery, 
which originates from the internal carotid artery. 


Skeletal framework 


Bones that contribute to the skeletal framework of the 
nasal cavities include: 


the unpaired ethmoid, sphenoid, frontal bone, and 
vomer; 

the paired nasal, maxillary, palatine and lacrimal bones, 
and inferior conchae. 


Of all the bones associated with the nasal cavities, the 
ethmoid is a key element. 


Ethmoid bone 


The single ethmoid bone is one of the most complex bones 
in the skull. It contributes to the roof, lateral wall, and 
medial wall of both nasal cavities, and contains the eth- 
moidal cells (ethmoidal sinuses). 

The ethmoid bone is cuboidal in overall shape (Fig. 
8.221A) and is composed of two rectangular box-shaped 
ethmoidal labyrinths, one on each side, united superi- 
orly across the midline by a perforated sheet of bone (the 
cribriform plate). A second sheet of bone (the perpen- 
dicular plate) descends vertically in the median sagittal 
plane from the cribriform plate to form part of the nasal 
septum. 


Each ethmoidal labyrinth is composed of two delicate 
sheets of bone, which sandwich between them the eth- 
moidal cells. 


the lateral sheet of bone (the orbital plate) is flat and 
forms part of the medial wall of the orbit; 

the medial sheet of bone forms the upper part of the 
lateral wall of the nasal cavity and is characterized by 
two processes and a swelling (Fig. 8.221B)—the two 
processes are curved shelves of bone (the superior and 
middle conchae), which project across the nasal cavity 
and curve downward ending in free medial margins, 
while inferior to the origin of the middle concha, the 
middle ethmoidal cells form a prominent bulge (the eth- 
moidal bulla), on the medial wall of the labyrinth. 


Extending anterosuperiorly from just under the bulla is 
a groove (the ethmoidal infundibulum), which contin- 
ues upward, and narrows to form a channel that penetrates 
the ethmoidal labyrinth and opens into the frontal sinus. 
This channel is for the frontonasal duct, which drains the 
frontal sinus. 

The superior surface of the ethmoidal labyrinth articu- 
lates with the frontal bone, which usually completes the 
roof of the ethmoidal cells, while the anterior surface artic- 
ulates with the frontal process of the maxilla and with the 
lacrimal bone. The inferior surface articulates with the 
upper medial margin of the maxilla. 

A delicate irregularly shaped projection (the uncinate 
process) on the anterior aspect of the inferior surface of 
the ethmoidal labyrinth extends posteroinferiorly across a 
large defect (maxillary hiatus) in the medial wall of the 
maxilla to articulate with the inferior concha. 

The cribriform plate is at the apex of the nasal cavities 
and fills the ethmoidal notch in the frontal bone (Fig. 
8.221) and separates the nasal cavities below from the 
cranial cavity above. Small perforations in the bone allow 
the fibers of the olfactory nerve |I] to pass between the two 
regions. 

A large triangular process (the crista galli) at the 
midline on the superior surface of the cribriform plate 
anchors a fold (falx cerebri) of dura mater in the cranial 
cavity. 

The perpendicular plate of the ethmoid bone is quadran- 
gular in shape, descends in the midline from the cribriform 
plate, and forms the upper part of the median nasal septum 
(Fig. 8.221). It articulates: 


posteriorly with the sphenoidal crest on the body of the 
sphenoid bone; 

anteriorly with the nasal spine on the frontal bone and 
with the site of articulation at the midline between the 
two nasal bones; and 
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Fig. 8.221 Ethmoid bone. A. Overall shape. B. Coronal section through skull. 1017 
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inferiorly, anteriorly with the septal cartilage and pos- 
teriorly with the vomer. 


External nose 


The external nose extends the nasal cavities onto the front 
of the face and positions the nares so that they point down- 
ward (Fig. 8.222). It is pyramidal in shape with its apex 
anterior in position. The upper angle of the nose between 
the openings of the orbits is continuous with the 
forehead. 

Like posterior regions, the anterior parts of the nasal 
cavities found within the nose are held open by a skeletal 
framework, which is composed partly of bone and mainly 
of cartilage: 


= the bony parts are where the nose is continuous with 
the skull—here the nasal bones and parts of the maxil- 
lae and frontal bones provide support; 

anteriorly, and on each side, support is provided by 
lateral processes of the septal cartilage, major alar 
and three or four minor alar cartilages, and a single 
septal cartilage in the midline that forms the anterior 
part of the nasal septum. 


Paranasal sinuses 


There are four paranasal air sinuses—the ethmoidal cells, 
and the sphenoidal, maxillary, and frontal sinuses (Fig. 








Frontal 
sinuses 


Ethmoidal 
cells 


Orbital plate of 
ethmoid bone 


Maxillary 
sinuses 


Roots of posterior 
upper molars 


Nasal septum 


Ethmoidal cells 


Maxillary sinus 


8.223A and 8.223B). Each is named according to the bone 
in which it is found. 

The paranasal sinuses develop as outgrowths from the 
nasal cavities and erode into the surrounding bones. All 
are: 


lined by respiratory mucosa, which is ciliated and 
mucus secreting; 
open into the nasal cavities; and 

= innervated by branches of the trigeminal nerve [V]. 
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Fig. 8.222 External nose. 
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Fig. 8.223 Paranasal sinuses. A. Anterior view. B. Posteroanterior skull radiograph. 
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Fig. 8.223, cont’d. Paranasal sinuses. C. Paramedian view of right nasal cavity. D. Lateral skull radiograph. 


Frontal sinuses 


The frontal sinuses, one on each side, are variable in size 
and are the most superior of the sinuses (Fig. 8.223A and 
8.223B). Each is triangular in shape and is in the part of 
the frontal bone under the forehead. The base of each tri- 
angular sinus is oriented vertically in the bone at the 
midline above the bridge of the nose and the apex is later- 
ally approximately one-third of the way along the upper 
margin of the orbit. 

Each frontal sinus drains onto the lateral wall of 
the middle meatus via the frontonasal duct, which 
penetrates the ethmoidal labyrinth and continues as the 
ethmoidal infundibulum at the front end of the semilunar 
hiatus. 

The frontal sinuses are innervated by branches of the 
supra-orbital nerve from the ophthalmic nerve [V,]. Their 
blood supply is from branches of the anterior ethmoidal 
arteries. 


Ethmoidal cells 


The ethmoidal cells on each side fill the ethmoidal laby- 
rinth (Fig. 8.223A and 8.223B). Each cluster of cells is 
separated from the orbit by the thin orbital plate of the 
ethmoidal labyrinth, and from the nasal cavity by the 
medial wall of the ethmoidal labyrinth. 

The ethmoidal cells are formed by a variable number of 
individual air chambers, which are divided into anterior, 


middle, and posterior ethmoidal cells based on the location 
of their apertures on the lateral wall of the nasal cavity: 


= the anterior ethmoidal cells open into the ethmoidal 
infundibulum or the frontonasal duct; 

= the middle ethmoidal cells open onto the ethmoidal 
bulla, or onto the lateral wall just above this 
structure; 

= the posterior ethmoidal cells open onto the lateral wall 
of the superior nasal meatus. 


Because the ethmoidal cells often erode into bones 
beyond the boundaries of the ethmoidal labyrinth, their 
walls may be completed by the frontal, maxillary, lacrimal, 
sphenoid, and palatine bones. 

The ethmoidal cells are innervated by: 


= the anterior and posterior ethmoidal branches of 
the nasociliary nerve from the ophthalmic nerve [V,]; 
and 

= the maxillary nerve [V,| via orbital branches from the 
pterygopalatine ganglion. 


The ethmoidal cells receive their blood supply 
through branches of the anterior and posterior ethmoidal 
arteries. 





1019 





1020 


Head and neck 


Maxillary sinuses 


The maxillary sinuses, one on each side, are the largest of 
the paranasal sinuses and completely fill the bodies of the 
maxillae (Fig. 8.223A and 8.223B). Each is pyramidal in 
shape with the apex directed laterally and the base deep to 
the lateral wall of the adjacent nasal cavity. The medial 
wall or base of the maxillary sinus is formed by the maxilla, 
and by parts of the inferior concha and palatine bone that 
overlie the maxillary hiatus. 

The opening of the maxillary sinus is near the top of the 
base, in the center of the semilunar hiatus, which grooves 
the lateral wall of the middle nasal meatus. 

Relationships of the maxillary sinus are as follows: 


the superolateral surface (roof) is related above to the 
orbit; 

the anterolateral surface is related below to the roots of 
the upper molar and premolar teeth and in front to the 
face; 

the posterior wall is related behind to the infratemporal 
fossa. 


The maxillary sinuses are innervated by infra-orbital 
and alveolar branches of the maxillary nerve [V2], and 
receive their blood through branches from the infra-orbital 
and superior alveolar branches of the maxillary arteries. 


Sphenoidal sinuses 


The sphenoidal sinuses, one on either side within the body 
of the sphenoid, open into the roof of the nasal cavity via 
apertures on the posterior wall of the spheno-ethmoidal 
recess (Fig. 8.223C and 8.223D). The apertures are high 
on the anterior walls of the sphenoid sinuses. 

The sphenoidal sinuses are related: 


above to the cranial cavity, particularly to the pituitary 
gland and to the optic chiasm; 

laterally, to the cranial cavity, particularly to the cav- 
ernous sinuses; and 

below and in front, to the nasal cavities. 


Because only thin shelves of bone separate the sphenoi- 
dal sinuses from the nasal cavities below and hypophyseal 
fossa above, the pituitary gland can be surgically 
approached through the roof of the nasal cavities by 
passing first through the anteroinferior aspect of the sphe- 
noid bone and into the sphenoidal sinuses and then through 
the top of the sphenoid bone into the hypophyseal fossa. 

Innervation of the sphenoidal sinuses is provided by: 


the posterior ethmoidal branch of the ophthalmic nerve 
[V,]; and 


the maxillary nerve [V,| via orbital branches from the 
pterygopalatine ganglion. 


The sphenoidal sinuses are supplied by branches of the 
pharyngeal arteries from the maxillary arteries. 


Walls, floor, and roof 
Medial wall 


The medial wall of each nasal cavity is the mucosa-covered 
surface of the thin nasal septum, which is oriented verti- 
cally in the median sagittal plane and separates the right 
and left nasal cavities from each other. 

The nasal septum (Fig. 8.224) consists of: 


the septal nasal cartilage anteriorly; 

posteriorly, mainly the vomer and the perpendicular 
plate of the ethmoid bone; 

small contributions by the nasal bones where they meet 
in the midline, and the nasal spine of the frontal bone; 
and 

contributions by the nasal crests of the maxillary and 
palatine bones, rostrum of the sphenoid bone, and the 
incisor crest of the maxilla. 
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Fig. 8.224 Medial wall of the nasal cavity—the nasal septum. 


Floor 


The floor of each nasal cavity (Fig. 8.225) is smooth, 
concave, and much wider than the roof. It consists of: 


= soft tissues of the external nose; and 

= the upper surface of the palatine process of the maxilla, 
and the horizontal plate of the palatine bone, which 
together form the hard palate. 


The naris opens anteriorly into the floor, and the supe- 
rior aperture of the incisive canal is deep to the mucosa 
immediately lateral to the nasal septum near the front of 
the hard palate. 


Roof 


The roof of the nasal cavity is narrow and is highest in 
central regions where it is formed by the cribriform plate of 
the ethmoid bone (Fig. 8.226). 

Anterior to the cribriform plate the roof slopes inferiorly 
to the nares and is formed by: 


= the nasal spine of the frontal bone and the nasal bones; 
and 

= the lateral processes of the septal cartilage and major 
alar cartilages of the external nose. 


Posteriorly, the roof of each cavity slopes inferiorly to 
the choana and is formed by: 


= the anterior surface of the sphenoid bone; 

= the ala ofthe vomer and adjacent sphenoidal process of 
the palatine bone; and 

= the vaginal process of the medial plate of the pterygoid 
process. 


Underlying the mucosa, the roof is perforated superiorly 
by openings in the cribriform plate, and anterior to these 
openings by a separate foramen for the anterior ethmoidal 
nerve and vessels. 

The opening between the sphenoidal sinus and the 
spheno-ethmoidal recess is on the posterior slope of the 
roof. 


Lateral wall 


The lateral wall of each nasal cavity is complex and is 
formed by bone, cartilage, and soft tissues. 

Bony support for the lateral wall (Fig. 8.227A) is pro- 
vided by: 


= the ethmoidal labyrinth and uncinate process; 
= the perpendicular plate of the palatine bone; 





= the medial plate of the pterygoid process of the sphenoid 
bone; 


= the medial surfaces of the lacrimal bones and maxillae; 
and 
= the inferior concha. 
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Fig. 8.226 Roof of the nasal cavity. 1021 
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In the external nose, the lateral wall of the cavity is sup- 
ported by cartilage (lateral process of the septal cartilage 
and major and minor alar cartilages) and by soft tissues. 
The surface of the lateral wall is irregular in contour and 
is interrupted by the three nasal conchae. 

The inferior, middle, and superior conchae (Fig. 8.22 7B) 
extend medially across the nasal cavity, separating it into 
four air channels, an inferior, middle, and superior meatus, 
and a spheno-ethmoidal recess. The conchae do not extend 
forward into the external nose. The anterior end of each 
concha curves inferiorly to form a lip that overlies the end 
of the related meatus. 

Immediately inferior to the attachment of the middle 
concha and just anterior to the midpoint of the concha, the 
lateral wall of the middle meatus elevates to form the dome- 
shaped ethmoidal bulla (Fig. 8.22 7C). This is formed by the 
underlying middle ethmoidal cells, which expand the 
medial wall of the ethmoidal labyrinth. 

Inferior to the ethmoidal bulla is a curved gutter (the 
semilunar hiatus), which is formed by the mucosa cover- 
ing the lateral wall as it spans a defect in the bony wall 
between the ethmoidal bulla above and the uncinate 
process below. 

The anterior end of the semilunar hiatus forms a channel 
(the ethmoidal infundibulum), which curves upward and 
continues as the frontonasal duct through the anterior 
part of the ethmoidal labyrinth to open into the frontal 
sinus. 

The nasolacrimal duct and most of the paranasal sinuses 
open onto the lateral wall of the nasal cavity: 
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Fig. 8.227 Lateral wall of the nasal cavity. A. Bones. 


the nasolacrimal duct opens onto the lateral wall of the 
inferior nasal meatus under the anterior lip of the infe- 
rior concha—it drains tears from the conjunctival sac 
of the eye into the nasal cavity and originates at the 
inferior end of the lacrimal sac on the anteromedial wall 
of the orbit; 

the frontal sinus drains via the frontonasal duct and 
ethmoidal infundibulum into the anterior end of the 
semilunar hiatus on the lateral wall of the middle nasal 
meatus—the anterior ethmoidal cells drain into the 
frontonasal duct or ethmoidal infundibulum (in some 
cases, the frontal sinus drains directly into the anterior 
end of the middle nasal meatus and the frontonasal 
duct ends blindly in the anterior ethmoidal cells); 

the middle ethmoidal cells open onto or just above the 
ethmoidal bulla; 

the posterior ethmoidal cells usually open onto the 
lateral wall of the superior nasal meatus; 

the large maxillary sinus opens into the semilunar 
hiatus, usually just inferior to the center of the eth- 
moidal bulla—this opening is near the roof of the maxil- 
lary sinus. 


The only paranasal sinus that does not drain onto the 
lateral wall of the nasal cavity is the sphenoidal sinus, 
which usually opens onto the sloping posterior roof of the 
nasal cavity. 
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Fig. 8.228 Nares. A. Inferior view. B. Associated muscles. 


Nares 


The nares are oval apertures on the inferior aspect of the 
external nose and are the anterior openings of the nasal 
cavities (Fig. 8.228A). They are held open by the sur- 
rounding alar cartilages and septal cartilage, and by the 
inferior nasal spine and adjacent margins of the maxillae. 

Although the nares are continuously open, they can be 
widened further by the action of the related muscles of 
facial expression (nasalis muscle, depressor septi nasi, and 
levator labii superioris alaeque nasi; Fig. 8.228B). 


Choanae 


The choanae are the oval-shaped openings between the 
nasal cavities and the nasopharynx (Fig. 8.229). Unlike 
the nares, which have flexible borders of cartilage and soft 
tissues, the choanae are rigid openings completely sur- 
rounded by bone, and their margins are formed: 


= inferiorly, by the posterior border of the horizontal plate 
of the palatine bone; 

= laterally, by the posterior margin of the medial plate of 
the pterygoid process; and 

= medially, by the posterior border of the vomer. 
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The roof of the choanae is formed: 


= anteriorly by the ala of the vomer and the vaginal 
process of the medial plate of the pterygoid process; 
and 

= posteriorly by the body of the sphenoid bone. 


Gateways 


There are a number of routes by which nerves and vessels 
enter and leave the soft tissues lining each nasal cavity 
(Fig. 8.230), and these include the cribriform plate, sphe- 
nopalatine foramen, the incisive canal, small foramina in 
the lateral wall, and around the margin of the nares. 


Cribriform plate 


The fibers of the olfactory nerve [I] exit the nasal cavity and 
enter the cranial cavity through perforations in the cribri- 
form plate. In addition, small foramina between the cribri- 
form plate and surrounding bone allow the anterior 
ethmoidal nerve, a branch of the ophthalmic nerve [V,], 
and accompanying vessels to pass from the orbit into the 
cranial cavity and then down into the nasal cavity. 





Vaginal process of medial pterygoid plate Sphenoidal rostrum 


Palatovaginal canal Ala of vomer 


Choanae Sphenoidal process Vomer 
| of palatine bone 





; 


l 
E 


Choanae a \ 


Sphenoid bone A i = ) 
$ Oral cavity p 
——— y e ; -F 


Vomer i Horizontal plate 
of palatine bone Pyramidal process 
Medial pterygoid of palatine bone 
plate of sphenoid 








Palatine bone 





Maxilla 


Fig. 8.229 Choanae (posterior view). A. Overview. B. Magnified view. 


In addition, there is a connection in some individuals 
between nasal veins and the superior sagittal sinus of the 
cranial cavity through a prominent foramen (the foramen 


Cribriform plate cecum) in the midline between the crista galli and frontal 
Sphenopalatine foramen bone. 


Foramen cecum 


Sphenopalatine foramen 


One of the most important routes by which nerves and 
vessels enter and leave the nasal cavity is the sphenopala- 
tine foramen in the posterolateral wall of the superior nasal 
meatus. This foramen is just superior to the attachment of 
the posterior end of the middle nasal concha and is formed 
by the sphenopalatine notch in the palatine bone and the 
body of the sphenoid bone. 

The sphenopalatine foramen is a route of communica- 
tion between the nasal cavity and the pterygopalatine 
fossa. Major structures passing through the foramen are: 
Small foramina on lateral wall 
the sphenopalatine branch of the maxillary artery; 
Incisive canal = the nasopalatine branch of the maxillary nerve [V>]; 
and 


Fig. 8.230 Gateways to the nasal cavities. = superior nasal branches of the maxillary nerve [V3]. 1025 
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Incisive canal 


Another route by which structures enter and leave the 
nasal cavities is through the incisive canal in the floor of 
each nasal cavity. This canal is immediately lateral to the 
nasal septum and just posterosuperior to the root of the 
central incisor in the maxilla. The two incisive canals, one 
on each side, both open into the single unpaired incisive 
fossa in the roof of the oral cavity and transmits: 


= the nasopalatine nerve from the nasal cavity into the 
oral cavity; and 

= the terminal end of the greater palatine artery from the 
oral cavity into the nasal cavity. 


Small foramina in the lateral wall 


Other routes by which vessels and nerves get into and out 
of the nasal cavity include the nares and small foramina in 
the lateral wall: 


= internal nasal branches of the infra-orbital nerve of the 
maxillary nerve [V,] and alar branches of the nasal 
artery from the facial artery loop around the margin of 
the naris to gain entry to the lateral wall of the nasal 
cavity from the face; 
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= inferior nasal branches from the greater palatine branch 
of the maxillary nerve [V.,] enter the lateral wall of the 
nasal cavity from the palatine canal by passing through 
small foramina on the lateral wall. 


Vessels 


The nasal cavities have a rich vascular supply for altering 
the humidity and temperature of respired air. In fact, the 
submucosa of the respiratory region, particularly that 
related to the conchae and septum, is often described as 
“erectile” or “cavernous” because the tissue enlarges or 
shrinks depending on the amount of blood flowing into the 
system. 


Arteries 


Arteries that supply the nasal cavity include vessels that 
originate from both the internal and external carotid arter- 
ies (Fig. 8.231): 


= vessels that originate from branches of the external 
carotid artery include the sphenopalatine, greater pala- 
tine, superior labial, and lateral nasal arteries; 
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Fig. 8.231 Arterial supply of the nasal cavities. A. Lateral wall of the right nasal cavity. B. Septum (medial wall of right nasal cavity). 


vessels that originate from branches of the internal 
carotid artery are the anterior and posterior ethmoidal 
arteries. 


Sphenopalatine artery 


The largest vessel supplying the nasal cavity is the sphe- 
nopalatine artery (Fig. 8.231), which is the terminal 
branch of the maxillary artery in the pterygopalatine fossa. 
It leaves the pterygopalatine fossa and enters the nasal 
cavity by passing medially through the sphenopalatine 
foramen and onto the lateral wall of the nasal cavity. 

Posterior lateral nasal branches supply a large part 
of the lateral wall and anastomose anteriorly with branches 
from the anterior and posterior ethmoidal arteries, and 
with lateral nasal branches of the facial artery. 

Posterior septal branches of the sphenopalatine 
artery pass over the roof of the cavity and onto the nasal 
septum where they contribute to the blood supply of the 
medial wall. One of these latter branches continues forward 
down the nasal septum to anastomose with the terminal 
end of the greater palatine artery and septal branches of 
the superior labial artery. 


Greater palatine artery 


The terminal end of the greater palatine artery enters 
the anterior aspect of the floor of the nasal cavity by passing 
up through the incisive canal from the roof of the oral 
cavity (Fig. 8.231). 

Like the sphenopalatine artery, the greater palatine 
artery arises in the pterygopalatine fossa as a branch of the 
maxillary artery. It passes first onto the roof of the oral 
cavity by passing down through the palatine canal and 
greater palatine foramen to the posterior aspect of the 
palate, then passes forward on the undersurface of the 
palate, and up through the incisive fossa and canal to 
reach the floor of the nasal cavity. The greater palatine 
artery supplies anterior regions of the medial wall and 
adjacent floor of the nasal cavity, and anastomoses with 
the septal branch of the sphenopalatine artery. 


Superior labial and lateral nasal arteries 


The superior labial artery and the lateral nasal artery origi- 
nate from the facial artery on the front of the face. 

The superior labial artery originates from the facial 
artery near the lateral end of the oral fissure and passes 
medially in the lip, supplying the lip and giving rise to 
branches that supply the nose and nasal cavity. An alar 
branch supplies the region around the lateral aspect of the 
naris and a septal branch passes into the nasal cavity and 
supplies anterior regions of the nasal septum. 

The lateral nasal artery originates from the facial 
artery in association with the margin of the external nose 
and contributes to the blood supply of the external nose. 


Regional anatomy ° Nasal cavities 


Alar branches pass around the lateral margin of the naris 
and supply the nasal vestibule. 


Anterior and posterior 
ethmoidal arteries 


The anterior and posterior ethmoidal arteries (Fig. 8.231) 
originate in the orbit from the ophthalmic artery, which 
originates in the cranial cavity as a major branch of the 
internal carotid artery. They pass through canals in the 
medial wall of the orbit between the ethmoidal labyrinth 
and frontal bone, supply the adjacent paranasal sinuses, 
and then enter the cranial cavity immediately lateral and 
superior to the cribriform plate. 

The posterior ethmoidal artery descends into the 
nasal cavity through the cribriform plate and has branches 
to the upper parts of the medial and lateral walls. 

The anterior ethmoidal artery passes forward, with 
the accompanying anterior ethmoidal nerve, in a groove 
on the cribriform plate and enters the nasal cavity by 
descending through a slit-like foramen immediately lateral 
to the crista galli. It gives rise to branches that supply the 
medial (septal) and lateral wall of the nasal cavity and then 
continues forward on the deep surface of the nasal bone, 
and terminates by passing between the nasal bone and 
lateral nasal cartilage to emerge on the external nose as 
the external nasal branch to supply skin and adjacent 
tissues. 

Vessels that supply the nasal cavities form extensive 
anastomoses with each other. This is particularly evident 
in the anterior region of the medial wall where there are 
anastomoses between branches of the greater palatine, 
sphenopalatine, superior labial, and anterior ethmoidal 
arteries, and where the vessels are relatively close to the 
surface (Fig. 8.231B). This area is the major site of nose- 
bleeds, or epistaxis. 


Veins 


Veins draining the nasal cavities generally follow the arter- 
ies (Fig. 8.232): 


veins that pass with branches that ultimately originate 
from the maxillary artery drain into the pterygoid 
plexus of veins in the infratemporal fossa; 

veins from anterior regions of the nasal cavities join the 
facial vein. 


In some individuals, an additional nasal vein passes 
superiorly through a midline aperture (the foramen 
cecum), in the frontal bone anterior to the crista galli, and 
joins with the anterior end of the superior sagittal sinus. 
Because this nasal vein connects an intracranial venous 
sinus with extracranial veins, it is classified as an emissary 
vein. Emissary veins in general are routes by which infec- 
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Fig. 8.232 Venous drainage of the nasal cavities. 
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tions can track from peripheral regions into the cranial 
cavity. 

Veins that accompany the anterior and posterior eth- 
moidal arteries are tributaries of the superior ophthalmic 
vein, which is one of the largest emissary veins and drains 
into the cavernous sinus on either side of the hypophyseal 
fossa. 


Innervation 


Nerves that innervate the nasal cavities (Fig. 8.233) are: 


= the olfactory nerve |I] for olfaction; and 
= branches of the ophthalmic [V,| and maxillary [V,| 
nerves for general sensation. 


Secretomotor innervation of mucous glands in the nasal 
cavities and paranasal sinuses is by parasympathetic fibers 
from the facial nerve [VII], which mainly join branches of 
the maxillary nerve [V,]| in the pterygopalatine fossa. 


Olfactory nerve [I] 


The olfactory nerve [I] is composed of axons from receptors 
in the olfactory epithelium at the top of each nasal cavity. 
Bundles of these axons pass superiorly through perfora- 
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Fig. 8.233 Innervation of the nasal cavities. A. Lateral wall of right nasal cavity. B. Medial wall of right nasal cavity. 


tions in the cribriform plate to synapse with neurons in the 
olfactory bulb of the brain. 


Branches from the ophthalmic 
nerve [V,] 


Branches from the ophthalmic nerve [V] that innervate 
the nasal cavity are the anterior and posterior ethmoidal 
nerves, which originate from the nasociliary nerve in the 
orbit. 


Anterior and posterior ethmoidal nerves 


The anterior ethmoidal nerve (Fig. 8.233) travels with the 
anterior ethmoidal artery and leaves the orbit through a 
canal between the ethmoidal labyrinth and the frontal 
bone. It passes through and supplies the adjacent eth- 
moidal cells and frontal sinus, and then enters the cranial 
cavity immediately lateral and superior to the cribriform 
plate. 

The anterior ethmoidal nerve travels forward in a 
groove on the cribriform plate and then enters the nasal 
cavity by descending through a slit-like foramen immedi- 
ately lateral to the crista galli. It has branches to the medial 
and lateral wall of the nasal cavity and then continues 
forward on the undersurface of the nasal bone. It passes 
onto the external surface of the nose by traveling between 
the nasal bone and lateral nasal cartilage, and then termi- 
nates as the external nasal nerve, which supplies skin 
around the naris, in the nasal vestibule, and on the tip of 
the nose. 

Like the anterior ethmoidal nerve, the posterior eth- 
moidal nerve leaves the orbit through a similar canal in the 
medial wall of the orbit. It terminates by supplying the 
mucosa of the ethmoidal cells and sphenoidal sinus and 
normally does not extend into the nasal cavity itself. 


Branches from the maxillary nerve [V,] 


A number of nasal branches from the maxillary nerve [V>| 
innervate the nasal cavity. Many of these nasal branches 
(Fig. 8.233) originate in the pterygopalatine fossa, which 
is just lateral to the lateral wall of the nasal cavity, and 
leave the fossa to enter the nasal cavity by passing medially 
through the sphenopalatine foramen: 


= anumber of these nerves (posterior superior lateral 
nasal nerves) pass forward on and supply the lateral 
wall of the nasal cavity; 

= others (posterior superior medial nasal nerves) 
cross the roof to the nasal septum and supply both these 
regions; 

= the largest of these nerves is the nasopalatine nerve, 
which passes forward and down the medial wall of the 


nasal cavity to pass through the incisive canal onto the 
roof of the oral cavity, and terminates by supplying 
the oral mucosa posterior to the incisor teeth; 

= other nasal nerves (posterior inferior nasal nerves) 
originate from the greater palatine nerve, descending 
from the pterygopalatine fossa in the palatine canal just 
lateral to the nasal cavity, and pass through small bony 
foramina to innervate the lateral wall of the nasal 
cavity; 

= a small nasal nerve also originates from the anterior 
superior alveolar branch of the infra-orbital nerve and 
passes medially through the maxilla to supply the 
lateral wall near the anterior end of the inferior 
concha. 


Parasympathetic innervation 


Secretomotor innervation of glands in the mucosa of the 
nasal cavity and paranasal sinuses is by preganglionic 
parasympathetic fibers carried in the greater petrosal 
branch of the facial nerve [VII]. These fibers enter the pter- 
ygopalatine fossa and synapse in the pterygopalatine gan- 
glion (see p. 940). Postganglionic parasympathetic fibers 
then join branches of the maxillary nerve [V2] to leave the 
fossa and ultimately reach target glands. 


Sympathetic innervation 


Sympathetic innervation, mainly involved with regulating 
blood flow in the nasal mucosa, is from the spinal cord level 
T1. Preganglionic sympathetic fibers enter the sympathetic 
trunk and ascend to synapse in the superior cervical sym- 
pathetic ganglion. Postganglionic sympathetic fibers pass 
onto the internal carotid artery, enter the cranial cavity, 
and then leave the internal carotid artery to form the deep 
petrosal nerve, which joins the greater petrosal nerve of 
the facial nerve [VII] and enters the pterygopalatine fossa 
(see Fig. 8.148 and p. 945). 

Like the parasympathetic fibers, the sympathetic fibers 
follow branches of the maxillary nerve [V,] into the nasal 
cavity. 


Lymphatics 

Lymph from anterior regions of the nasal cavities drains 
forward onto the face by passing around the margins of the 
nares (Fig. 8.234). These lymphatics ultimately connect 
with the submandibular nodes. 

Lymph from posterior regions of the nasal cavity and 
the paranasal sinuses drains into upper deep cervical 
nodes. Some of this lymph passes first through the retro- 
pharyngeal nodes. 
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Fig. 8.234 Lymphatic drainage of the nasal cavities. 


Nasal cavities 







Deep cervical nodes 


ORAL CAVITY 


The oral cavity is inferior to the nasal cavities (Fig. 8.235). 
It has aroof and floor, and lateral walls, opens onto the face 
through the oral fissure, and is continuous with the cavity 
of the pharynx at the oropharyngeal isthmus. 

The roof of the oral cavity consists of the hard and soft 
palates. The floor is formed mainly of soft tissues, which 
include a muscular diaphragm and the tongue. The lateral 
walls (cheeks) are muscular and merge anteriorly with the 
lips surrounding the oral fissure (the anterior opening of 
the oral cavity). 

The posterior aperture of the oral cavity is the oropha- 
ryngeal isthmus, which opens into the oral part of the 
pharynx. 

The oral cavity is separated into two regions by the 
upper and lower dental arches consisting of the teeth and 
alveolar bone that supports them (Fig. 8.235B): 


= the outer oral vestibule, which is horseshoe-shaped, 
is between the dental arches and the deep surfaces of 
the cheeks and lips—the oral fissure opens into it and 
can be opened and closed by muscles of facial expres- 
sion, and by movements of the lower jaw; 

= the inner oral cavity proper, which is enclosed by the 
dental arches. 


The degree of separation between the upper and lower 
arches is established by elevating or depressing the lower 
jaw (mandible) at the temporomandibular joint. 
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Fig. 8.235 Oral cavity. A. Relationship to other cavities. B. Oral vestibule and oral cavity proper. 


The oropharyngeal isthmus at the back of the oral cavity 
proper can be opened and closed by surrounding soft 
tissues, which include the soft palate and tongue. 

The oral cavity has multiple functions: 


it is the inlet for the digestive system involved with the 
initial processing of food, which is aided by secretions 
from salivary glands; 

it manipulates sounds produced by the larynx and one 
outcome of this is speech; 

it can be used for breathing because it opens into the 
pharynx, which is a common pathway for food and air. 
For this reason, the oral cavity can be used by physi- 
cians to access the lower airway, and dentists use 
“rubber dams” to prevent debris such as tooth frag- 
ments from passing through the oropharyngeal isthmus 
and pharynx into either the esophagus or the lower 
airway. 


Multiple nerves innervate the 
oral cavity 


General sensory innervation is carried predominantly by 
branches of the trigeminal nerve [V]: 


the upper parts of the cavity, including the palate and 
the upper teeth, are innervated by branches of the max- 
illary nerve [V>|; 

the lower parts, including the teeth and oral part of the 
tongue, are innervated by branches of the mandibular 
nerve [V3]; 

taste (special afferent-SA) from the oral part or anterior 
two-thirds of the tongue is carried by branches of the 
facial nerve [VII], which join and are distributed with 
branches of the trigeminal nerve [V]; 

parasympathetic fibers to the glands within the oral 
cavity are also carried by branches of the facial nerve 
[VII], which are distributed with branches of the tri- 
geminal nerve [V]; 

sympathetic fibers in the oral cavity ultimately come 
from spinal cord level T1, synapse in the superior cervi- 
cal sympathetic ganglion, and are eventually distrib- 
uted to the oral cavity along branches of the trigeminal 
nerve |V] or directly along blood vessels. 


All muscles of the tongue are innervated by the hypo- 
glossal nerve [XII], except the palatoglossus, which is 
innervated by the vagus nerve [X]. 

All muscles of the soft palate are innervated by the 
vagus nerve [|X] except for the tensor veli palatini, which 
is innervated by a branch from the mandibular nerve [V3]. 
The muscle (mylohyoid) that forms the floor of the oral 
cavity is also innervated by the mandibular nerve [V3]. 


Regional anatomy ° Oral cavity 


Skeletal framework 


Bones that contribute to the skeletal framework of the oral 
cavity or are related to the anatomy of structures in the 
oral cavity include: 


the paired maxillae, palatine and temporal bones; and 
the unpaired mandible, sphenoid, and hyoid bone. 


In addition, the cartilaginous parts of the pharyngotym- 
panic tubes on the inferior aspect of the base of the skull 
are related to the attachment of muscles of the soft 
palate. 


Maxillae 


The two maxillae contribute substantially to the architec- 
ture of the roof of the oral cavity. The parts involved are 
the alveolar and palatine processes (Fig. 8.236A). 

The palatine process is a horizontal shelf that projects 
from the medial surface of each maxilla. It originates just 
superior to the medial aspect of the alveolar process and 
extends to the midline where it is joined, at a suture, with 
the palatine process from the other side. Together, the two 
palatine processes form the anterior two-thirds of the hard 
palate. 

In the midline on the inferior surface of the hard palate 
and at the anterior end of the intermaxillary suture is a 
single small fossa (incisive fossa) just behind the incisor 
teeth. Two incisive canals, one on each side, extend pos- 
terosuperiorly from the roof of this fossa to open onto the 
floor of the nasal cavity. The canals and fossae allow 
passage of the greater palatine vessels and the nasopala- 
tine nerves. 


Palatine bones 


The parts of each L-shaped palatine bone that contribute 
to the roof of the oral cavity are the horizontal plate and 
the pyramidal process (Fig. 8.236A). 

The horizontal plate projects medially from the inferior 
aspect of the palatine bone and is joined by sutures to its 
partner in the midline and, on the same side, with the pala- 
tine process of the maxilla anteriorly. 

A single posterior nasal spine is formed at the midline 
where the two horizontal plates join and projects back- 
ward from the margin of the hard palate. The posterior 
margin of the horizontal plates and the posterior nasal 
spine are associated with attachment of the soft palate. 

The greater palatine foramen, formed mainly by the 
horizontal plate of the palatine bone and completed later- 
ally by the adjacent part of the maxilla, opens onto the 
posterolateral aspect of the horizontal plate. This foramen 
is the inferior opening of the palatine canal, which contin- 
ues superiorly into the pterygopalatine fossa and transmits 
the greater palatine nerve and vessels to the palate. 
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Also opening onto the palatine bone is the lesser pala- 
tine foramen. This foramen is the inferior opening of the 
lesser palatine canal, which branches from the greater 
palatine canal and transmits the lesser palatine nerve and 
vessels to the soft palate. 

The pyramidal process projects posteriorly and fills the 
space between the inferior ends of the medial and lateral 
plates of the pterygoid process of the sphenoid bone. 


Sphenoid bone 


The pterygoid processes and spines of the sphenoid bone 
are associated with structures related to the soft palate, 
which forms part of the roof of the oral cavity (Fig. 
8.236A). 

The pterygoid processes descend, one on each side, from 
the lateral aspect of the body of the sphenoid bone. Each 
process has a medial and a lateral plate. These two verti- 
cally oriented plates project from the posterior aspect of the 
process. The v-shaped gap that occurs inferiorly between 
the two plates is filled by the pyramidal process of the pala- 
tine bone. 

Projecting posterolaterally from the inferior margin of 
the medial plate of the pterygoid process is an elongate 
hook-shaped structure (the pterygoid hamulus). This 
hamulus is immediately behind the alveolar arch and infe- 
rior to the posterior margin of the hard palate. It is: 


A Intermaxillary suture 


Posterior nasal spine 
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Cartilaginous part of pharyngotympanic tube 










agit: 


= a “pulley” for one of the muscles (tensor veli palatini) of 
the soft palate; and 

= the attachment site for the upper end of the pterygo- 
mandibular raphe, which is attached below to the man- 
dible and joins together the superior constrictor of the 
pharynx and the buccinator muscle of the cheek. 


At the root of the medial plate of the pterygoid process 
on the base of the skull is a small canoe-shaped fossa 
(scaphoid fossa), which begins just medial to the foramen 
ovale and descends anteriorly and medially to the root of 
the medial plate of the pterygoid process (Fig. 8.236A). 
This fossa is for the attachment of one of the muscles of the 
soft palate (tensor veli palatini). 

The spines of the sphenoid, one on each side, are vertical 
projections from the inferior surfaces of the greater wings 
of the sphenoid bone (Fig. 8.236A). Each spine is immedi- 
ately posteromedial to the foramen spinosum. 

The medial aspect of the spine provides attachment for 
the most lateral part of the tensor veli palatini muscle of 
the soft palate. 


Temporal bone 


The styloid process and inferior aspect of the petrous part 
of the temporal bone provide attachment for muscles asso- 
ciated with the tongue and soft palate, respectively. 
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Fig. 8.236 Base and lateral aspects of the skull. A. Features in the base of the skull related to structures associated with the oral cavity. 
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Fig. 8.236, cont’d Base and lateral aspects of the skull. B. Styloid 
process of the temporal bone. 


The styloid process projects anteroinferiorly from the 
underside of the temporal bone. It can be as long as 1 inch 
(2.5 cm) and points toward the lesser horn of the hyoid 
bone to which it is attached by the stylohyoid ligament 
(Fig. 8.236B). The root of the styloid process is immediately 
anterior to the stylomastoid foramen and lateral to the 
jugular foramen. The styloglossus muscle of the tongue 
attaches to the anterolateral surface of the styloid process. 

The inferior aspect of the temporal bone has a triangu- 
lar roughened area immediately anteromedial to the 
opening of the carotid canal (Fig. 8.236A). The levator veli 
palatini muscle of the soft palate is attached here. 


Cartilaginous part of the 
pharyngotympanic tube 
The trumpet-shaped cartilaginous part of the pharyngo- 
tympanic tube is in a groove between the anterior margin 
of the petrous part of the temporal bone and the posterior 
margin of the greater wing of the sphenoid (Fig. 8.236A). 

The medial and lateral walls of the cartilaginous part of 
the pharyngotympanic tube are formed mainly of carti- 
lage, whereas the more inferolateral wall is more fibrous 
and is known as the membranous lamina. 

The apex of the cartilaginous part of the pharyngotym- 
panic tube connects laterally to the opening of the bony 
part in the temporal bone. 

The expanded medial end of the cartilaginous part of 
the pharyngotympanic tube is immediately posterior to the 
upper margin of the medial plate of the pterygoid process 
and opens into the nasopharynx. 

The cartilaginous part of the pharyngotympanic tube is 
lateral to the attachment of the levator veli palatini muscle 







A Superior 
mental spines Mandibular 


symphysis 






Attachment for 
pterygomandibular raphe 















Condylar 


Coronoid process process 


Ramus 
Alveolar arch 


Angle 


Mental foramen 


Attachment for 
pterygomandibular raphe 





C Lingula 
Retromolar fossa 
Retromolar triangle 
Shallow groove for 
lingual nerve 
Mandibular 
foramen 


Submandibular fossa 
Mylohyoid line 


Sublingual fossa 


Fig. 8.237 Mandible. A. Superior view. B. Lateral view. C. Medial 
view. 


to the petrous part of the temporal bone and medial to the 
spine of the sphenoid. The tensor veli palatini muscle is 
attached, in part, to the membranous lamina. 


Mandible 


The mandible is the bone of the lower jaw (Fig. 8.237). It 
consists of a body of right and left parts, which are fused ante- 
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riorly in the midline (mandibular symphysis), and two 
rami. The site of fusion is particularly visible on the external 
surface of the bone as a small vertical ridge in the midline. 

The upper surface of the body of mandible bears the 
alveolar arch, which anchors the lower teeth, and on its 
external surface on each side is a small mental foramen. 

Posterior to the mandibular symphysis on the internal 
surface of the mandible are two pairs of small spines, one 
pair immediately above the other pair. These are the supe- 
rior and inferior mental spines (superior and inferior 
genial spines), and are attachment sites for a pair of 
muscles that pass into the tongue and a pair of muscles 
that connect the mandible to the hyoid bone. 

Extending from the midline and originating inferior to 
the mental spines is a raised line or ridge (the mylohyoid 
line), which runs posteriorly and superiorly along the 
internal surface of each side of the body of the mandible to 
end just below the level of the last molar tooth. 

Above the anterior one-third of the mylohyoid line is a 
shallow depression (the sublingual fossa), and below the 
posterior two-thirds of the mylohyoid line is another 
depression (the submandibular fossa). 

Between the last molar tooth and the mylohyoid line is 
a shallow groove for the lingual nerve. 

Immediately posterior to the last molar tooth on the 
medial upper surface of the body of mandible is a small tri- 
angular depression (retromolar triangle). The pterygo- 
mandibular raphe attaches just medial to the apex of this 
triangle and extends from here to the tip of the pterygoid 
hamulus above. 

The ramus of mandible, one on each side, is quadrangu- 
lar shaped and oriented in the sagittal plane. On the medial 
surface of the ramus is a large mandibular foramen for 
transmission of the inferior alveolar nerve and vessels. 


Hyoid bone 


The hyoid bone is a small U-shaped bone in the neck 
between the larynx and the mandible. It has an anterior 
body of hyoid bone and two large greater horns, one on 
each side, which project posteriorly and superiorly from 
the body (Fig. 8.238). There are two small conical lesser 
horns on the superior surface where the greater horns join 
with the body. The stylohyoid ligaments attach to the 
apices of the lesser horns. 

The hyoid bone is a key bone in the neck because it con- 
nects the floor of the oral cavity in front with the pharynx 
behind and the larynx below. 


Walls: the cheeks 


The walls of the oral cavity are formed by the cheeks. 
Each cheek consists of fascia and a layer of skeletal 
muscle sandwiched between skin externally and oral 
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Fig. 8.238 Hyoid bone. A. Anterior view. B. Lateral view. 
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Fig. 8.239 Buccinator muscle. 


mucosa internally. The thin layer of skeletal muscle within 
the cheeks is principally the buccinator muscle. 


Buccinator 


The buccinator muscle is one of the muscles of facial 
expression (see p. 861 and Fig. 8.239). It is in the same 


plane as the superior constrictor muscle of the pharynx. In 
fact, the posterior margin of the buccinator muscle is joined 
to the anterior margin of the superior constrictor muscle 
by the pterygomandibular raphe, which runs between the 
tip of the pterygoid hamulus of the sphenoid bone above 
and a roughened area of bone immediately behind the last 
molar tooth on the mandible below. 

The buccinator and superior constrictor muscles there- 
fore provide continuity between the walls of the oral and 
pharyngeal cavities. 

The buccinator muscle, in addition to originating from 
the pterygomandibular raphe, also originates directly 
from the alveolar part of the mandible and alveolar process 
of the maxilla. 

From its three sites of origin, the muscle fibers of the 
buccinator run forward to blend with those of the orbicu- 
laris oris muscle and to insert into the modiolus, which is 
a small button-shaped nodule of connective tissue at the 
interface between the muscles of the lips and cheeks on 
each side. 

The buccinator muscle holds the cheeks against the 
alveolar arches and keeps food between the teeth when 
chewing. 

The buccinator is innervated by the buccal branch of 
the facial nerve [VII]. General sensation from the skin and 
oral mucosa of the cheeks is carried by the buccal branch 
of the mandibular nerve [V3]. 


Floor 


The floor of the oral cavity proper is formed mainly by three 
structures: 


= a muscular diaphragm, which fills the U-shaped gap 
between the left and right sides of the body of the man- 
dible and is composed of the paired mylohyoid 
muscles; 

= twocord-like geniohyoid muscles above the diaphragm, 
which run from the mandible in front to the hyoid bone 
behind; 


Table 8.20 Muscles in the floor of the oral cavity 


Innervation 


= the tongue, which is superior to the geniohyoid 
muscles. 


Also present in the floor of the oral cavity proper are 
salivary glands and their ducts. The largest of these glands, 
on each side, are the sublingual gland and the oral part of 
the submandibular gland. 


Mylohyoid muscles 


The two thin mylohyoid muscles (Table 8.20), one on each 
side, together form a muscular diaphragm that defines the 
inferior limit of the floor of the oral cavity (Fig. 8.240). 
Each muscle is triangular in shape with its apex pointed 
forward. 

The lateral margin of each triangular muscle is attached 
to the mylohyoid line on the medial side of the body of the 
mandible. From here, the muscle fibers run slightly down- 
ward to the medial margin at the midline where the fibers 
are joined together with those of their partner muscle on 
the other side by a raphe. The raphe extends from the pos- 
terior aspect of the mandibular symphysis in front to the 
body of the hyoid bone behind. 

The posterior margin of each mylohyoid muscle is free 
except for a small medial attachment to the hyoid bone. 

The mylohyoid muscles: 


= contribute structural support to the floor of the oral 
cavity; 

= participate in elevating and pulling forward the hyoid 
bone, and therefore the attached larynx, during the 
initial stages of swallowing; and 

= when the hyoid bone is fixed in position, depress the 
mandible and open the mouth. 


Like the muscles of mastication, the mylohyoid muscles 
are innervated by the mandibular nerve [V3]. The specific 
branch that innervates the mylohyoid muscles is the nerve 
to mylohyoid from the inferior alveolar nerve. 


Function 


Nerve to mylohyoid from the 
inferior alveolar branch of 


mandibular nerve [V3] 


Muscle Origin Insertion 

Mylohyoid Mylohyoid line of Median fibrous raphe and 
mandible adjacent part of hyoid bone 

Geniohyoid Inferior mental Body of hyoid bone C1 


spines of mandible 


Supports and elevates floor of oral cavity; 
depresses mandible when hyoid is fixed; 
elevates and pulls hyoid forward when 
mandible is fixed 





1035 





1036 


Head and neck 


Sublingual fossa Superior mental spines 






Inferior mental spines 


Body of hyoid Greater horn 


Fig. 8.240 A. Mylohyoid muscles. B. Geniohyoid muscles. C. Lateral view. 


Geniohyoid muscles 


The geniohyoid muscles (Table 8.20) are paired cord-like 
muscles that run, one on either side of the midline, from 
the inferior mental spines on the posterior surface of the 
mandibular symphysis to the anterior surface of the body 
of hyoid bone (Fig. 8.240B&C). They are immediately 
superior to the mylohyoid muscle in the floor of the mouth 
and inferior to the genioglossus muscles that form part of 
the root of the tongue. 
The geniohyoid muscles: 


= mainly pull the hyoid bone, and therefore the attached 
larynx, up and forward during swallowing; and 

= because they pass posteroinferiorly from the mandible 
to the hyoid bone, when the hyoid bone is fixed, they 
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can act with the mylohyoid muscles to depress the 
mandible and open the mouth. 


Unlike other muscles that move the mandible at the 
temporomandibular joint, the geniohyoid muscles are 
innervated by a branch of cervical nerve C1, which “hitch- 
hikes” from the neck along the hypoglossal nerve [XII] into 
the floor of the oral cavity. 


Gateway into the floor of the 
oral cavity 


In addition to defining the lower limit of the floor of the oral 
cavity, the free posterior border of the mylohyoid muscle 
on each side forms one of the three margins of a large tri- 


angular aperture, which is a major route by which struc- 
tures in the upper neck and infratemporal fossa of the head 
pass to and from structures in the floor of the oral cavity 
(Fig. 8.241). The other two muscles that complete the 
margins of the aperture are the superior and middle con- 
strictor muscles of the pharynx. 

Most structures that pass through the aperture are 
associated with the tongue and include muscles (hyoglos- 
sus, styloglossus), vessels (lingual artery and vein), nerves 
(lingual, hypoglossal [XII], glossopharyngeal [IX]), and 
lymphatics. 

A large salivary gland (the submandibular gland) is 
“hooked” around the free posterior margin of the mylohy- 
oid muscle and therefore also passes through the 
opening. 


Tongue 


The tongue is a muscular structure that forms part of the 
floor of the oral cavity and part of the anterior wall of the 
oropharynx (Fig. 8.242A). Its anterior part is in the oral 
cavity and is somewhat triangular in shape with a blunt 
apex of tongue. The apex is directed anteriorly and sits 
immediately behind the incisor teeth. The root of tongue 
is attached to the mandible and the hyoid bone. 
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Fig. 8.242 Tongue. A. Paramedian sagittal section. B. Superior view. 
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Fig. 8.241 Gateway into the floor of the oral cavity. 
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The superior surface of the oral or anterior two-thirds of 
the tongue is oriented in the horizontal plane. 

The pharyngeal surface or posterior one-third of the 
tongue curves inferiorly and becomes oriented more in the 
vertical plane. The oral and pharyngeal surfaces are sepa- 
rated by a V-shaped terminal sulcus of tongue. This 
terminal sulcus forms the inferior margin of the oropha- 
ryngeal isthmus between the oral and pharyngeal cavities. 
At the apex of the V-shaped sulcus is a small depression 
(the foramen cecum of tongue), which marks the site in 
the embryo where the epithelium invaginated to form the 
thyroid gland. In some people a thyroglossal duct persists 
and connects the foramen cecum on the tongue with the 
thyroid gland in the neck. 


Papillae 


The superior surface of the oral part of the tongue is covered 
by hundreds of papillae (Fig. 8.242B): 


= filiform papillae are small cone-shaped projections of 
the mucosa that end in one or more points; 

= fungiform papillae are rounder in shape and larger 
than the filiform papillae, and tend to be concentrated 
along the margins of the tongue; 

= the largest of the papillae are the vallate papillae, which 
are blunt-ended cylindrical papillae invaginations in 
the tongue’s surface—there are only about 8 to 12 
vallate papillae in a single V-shaped line immediately 
anterior to the terminal sulcus of tongue; 





Palatoglossus 


Styloglossus 
Extrinsic 
muscles — 
Hyoglossus 


Genioglossus 


Fig. 8.243 Muscles of the tongue. 


= foliate papillae are linear folds of mucosa on the sides 
of the tongue near the terminal sulcus of tongue. 


The papillae in general increase the area of contact 
between the surface of the tongue and the contents of the 
oral cavity. All except the filiform papillae have taste buds 
on their surfaces. 


Inferior surface of tongue 


The undersurface of the oral part of the tongue lacks papil- 
lae, but does have a number of linear mucosal folds (Fig. 
8.253). A single median fold (the frenulum of tongue) is 
continuous with the mucosa covering the floor of the oral 
cavity, and overlies the lower margin of a midline sagittal 
septum, which internally separates the right and left sides 
of the tongue. On each side of the frenulum is a lingual 
vein, and lateral to each vein is a rough fimbriated fold. 


Pharyngeal surface 


The mucosa covering the pharyngeal surface of the tongue 
is irregular in contour because of the many small nodules 
of lymphoid tissue in the submucosa. These nodules are 
collectively the lingual tonsil. 

There are no papillae on the pharyngeal surface. 


Muscles 


The bulk of the tongue is composed of muscle (Fig. 8.242 
and Table 8.21). 

The tongue is completely divided into a left and right 
half by a median sagittal septum composed of connective 


Superior longitudinal 


Vertical 

Transverse 

Inferior longitudinal |__ Intrinsic 
muscles 


Table 8.21 


Muscle 
Intrinsic 


Superior longitudinal 
(just deep to surface 
of tongue) 


Inferior longitudinal 
(between genioglossus 
and hyoglossus muscles) 


Transverse 


Vertical 


Extrinsic 


Genioglossus 


Hyoglossus 


Styloglossus 


Palatoglossus 


tissue. This means that all muscles of the tongue are paired. 
There are intrinsic and extrinsic lingual muscles. 
Except for the palatoglossus, which is innervated by the 


Muscles of the tongue 


Origin 


Submucosal connective 
tissue at the back of the 
tongue and from the 
median septum of the 
tongue 


Root of tongue (some 
fibers from hyoid) 


Median septum of the 
tongue 


Submucosal connective 
tissue on dorsum of 
tongue 


Superior mental spines 


Greater horn and adjacent 
part of body of hyoid bone 


Styloid process 
(anterolateral surface) 


Inferior surface of palatine 


aponeurosis 


Insertion 


Muscle fibers pass forward 
and obliquely to submucosal 
connective tissue and mucosa 
on margins of tongue 


Apex of tongue 


Submucosal connective tissue 
on lateral margins of tongue 


Connective tissue in more 


ventral regions of tongue 


Body of hyoid; entire length 
of tongue 
Lateral surface of tongue 


Lateral surface of tongue 


Lateral margin of tongue 


Innervation 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Hypoglossal nerve 
[XII] 


Vagus nerve [X] 
(via pharyngeal 
branch to 
pharyngeal plexus) 





Function 


Shortens tongue; curls apex 
and sides of tongue 


Shortens tongue; uncurls 
apex and turns it downward 


Narrows and elongates 
tongue 


Flattens and widens tongue 


Protrudes tongue; depresses 
center of tongue 


Depresses tongue 


Elevates and retracts tongue 


Depresses palate; moves 
palatoglossal fold toward 
midline; elevates back of the 
tongue 


into the tongue. There are four major extrinsic muscles on 


each side, the genioglossus, hyoglossus, styloglossus, and 


vagus nerve [|X], all muscles of the tongue are innervated 


and elevate the tongue. 


palatoglossus. These muscles protrude, retract, depress, 


by the hypoglossal nerve [XII]. ; 
Genioglossus 


Intrinsic muscles The thick fan-shaped genioglossus muscles make a sub- 


stantial contribution to the structure of the tongue. They 
occur on either side of the midline septum that separates 
left and right halves of the tongue. 

The genioglossus muscles originate from the superior 
mental spines on the posterior surface of the mandibular 
symphysis immediately superior to the origin of the genio- 
hyoid muscles from the inferior mental spines (Fig. 8.244). 
From this small site of origin, each muscle expands poste- 
riorly and superiorly. The most inferior fibers attach to the 
hyoid bone. The remaining fibers spread out superiorly to 


The intrinsic muscles of the tongue (Fig. 8.243) originate 
and insert within the substance of the tongue. They are 
divided into superior longitudinal, inferior longitudi- 
nal, transverse, and vertical muscles, and they alter 
the shape of the tongue by: 


= lengthening and shortening it; 
= curling and uncurling its apex and edges; and 
= flattening and rounding its surface. 


Working in pairs or one side at a time the intrinsic 
muscles of the tongue contribute to precision movements 
of the tongue required for speech, eating, and swallowing. 


Extrinsic muscles 


Extrinsic muscles of the tongue (Fig. 8.243 and Table 8.21) 
originate from structures outside the tongue and insert 


blend with the intrinsic muscles along virtually the entire 


length of the tongue. 
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The genioglossus muscles: 


depress the central part of the tongue; and 
protrude the anterior part of the tongue out of the oral 
fissure (i.e., stick the tongue out). 


Like most muscles of the tongue, the genioglossus 
muscles are innervated by the hypoglossal nerves [XII]. 

Asking a patient to “stick your tongue out” can be used 
as a test for the hypoglossal nerves [XII]. If the nerves are 
functioning normally, the tongue should protrude evenly 
in the midline. If the nerve on one side is not fully func- 
tional, the tip of the tongue will point to that side. 





Fig. 8.244 Genioglossus muscles. A. Posterior view. B. Lateral (left) view. 





Hyoglossus muscle 


Fig. 8.245 Hyoglossus muscles. A. Posterior view. B. Lateral (left) view. 


Hyoglossus 


The hyoglossus muscles are thin quadrangular muscles 
lateral to the genioglossus muscles (Fig. 8.245). 

Each hyoglossus muscle originates from the entire 
length of the greater horn and the adjacent part of the body 
of the hyoid bone. At its origin from the hyoid bone, the 
hyoglossus muscle is lateral to the attachment of the middle 
constrictor muscle of the pharynx. The muscle passes supe- 
riorly and anteriorly through the gap between the superior 
constrictor, middle constrictor, and mylohyoid to insert 
into the tongue lateral to the genioglossus and medial to 
the styloglossus. 










poner Genioglossus 


Geniohyoid 


B Lingual nerve 


~~ Superior 
constrictor 


Hypoglossal 
nerve 


Middle 
constrictor 


Lingual artery 


Hyoglossus muscle 


The hyoglossus muscle depresses the tongue and is 
innervated by the hypoglossal nerve [XII]. 


An important landmark The hyoglossus muscle is an 
important landmark in the floor of the oral cavity: 


= the lingual artery from the external carotid artery in the 
neck enters the tongue deep to the hyoglossus, between 
the hyoglossus and genioglossus; 

= the hypoglossal nerve [XII] and lingual nerve (branch 
of the mandibular nerve [V3]), from the neck and infra- 
temporal fossa of the head, respectively, enter the 
tongue on the external surface of the hyoglossus. 


Styloglossus 


The styloglossus muscles originate from the anterior 
surface of the styloid processes of the temporal bones. From 
here, each muscle passes inferiorly and medially through 
the gap between the middle constrictor, superior constric- 
tor, and mylohyoid muscles to enter the lateral surface of 
the tongue where they blend with the superior margin of 
the hyoglossus and with the intrinsic muscles (Fig. 
8.246). 

The styloglossus muscles retract the tongue and pull the 
back of the tongue superiorly. They are innervated by the 
hypoglossal nerves [XII]. 


Palatoglossus 


The palatoglossus muscles are muscles of the soft palate 
and the tongue. Each originates from the undersurface of 
the palatine aponeurosis and passes anteroinferiorly to the 
lateral side of the tongue (Fig. 8.247). 





Styloglossus muscle 
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Fig. 8.246 Styloglossus muscles. 





The palatoglossus muscles: 


elevate the back of the tongue; 
move the palatoglossal arches of mucosa toward the 
midline; and 

= depress the soft palate. 


These movements facilitate closing of the oropharyn- 
geal isthmus and as a result separate the oral cavity from 
the oropharynx. 

Unlike other muscles of the tongue, but similar to most 
other muscles of the soft palate, the palatoglossus muscles 
are innervated by the vagus nerves |X]. 


Vessels 
Arteries 


The major artery of the tongue is the lingual artery (Fig. 
8.248). 

On each side, the lingual artery originates from the 
external carotid artery in the neck adjacent to the tip of the 
greater horn of the hyoid bone. It forms an upward bend 
and then loops downward and forward to pass deep to the 
hyoglossus muscle, and accompanies the muscle through 
the aperture formed by the margins of the mylohyoid, 
superior constrictor, and middle constrictor muscles, and 
enters the floor of the oral cavity. 


Hard palate 












Palatine aponeurosis 
of soft palate 


Palatoglossus 
muscle (underlies 
the palatoglossus 
arch of mucosa) 


Uvula 


Fig. 8.247 Palatoglossus muscles. 
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The lingual artery then travels forward in the plane 
between the hyoglossus and genioglossus muscles to the 
apex of the tongue. 

In addition to the tongue, the lingual artery supplies the 
sublingual gland, gingiva, and oral mucosa in the floor of 
the oral cavity. 


Veins 


The tongue is drained by dorsal lingual and deep lingual 
veins (Fig. 8.248). 

The deep lingual veins are visible through the mucosa 
on the undersurface of the tongue. Although they accom- 
pany the lingual arteries in anterior parts of the tongue, 
they become separated from the arteries posteriorly by the 
hyoglossus muscles. On each side, the deep lingual vein 
travels with the hypoglossal nerve [XII] on the external 
surface of the hyoglossus muscle and passes out of the floor 
of the oral cavity through the aperture formed by the 
margins of the mylohyoid, superior constrictor, and middle 
constrictor muscles. It joins the internal jugular vein in the 
neck. 

The dorsal lingual vein follows the lingual artery 
between the hyoglossus and genioglossus muscles and, like 


Glossopharyngeal 


Chorda tympani (from [VII]) nerve [IX] 


| i 








| P 
Lingual nerve 


(from [V3]) 
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Fig. 8.248 Arteries, veins, and nerves of the tongue. 


the deep lingual vein, drains into the internal jugular vein 
in the neck. 


Innervation 


Innervation of the tongue is complex and involves a 
number of nerves (Figs. 8.248 and 8.249). 


Glossopharyngeal nerve [IX] 


Taste (SA) and general sensation from the pharyngeal part 
of the tongue are carried by the glossopharyngeal nerve 
[IX]. 

The glossopharyngeal nerve [IX] leaves the skull 
through the jugular foramen and descends along the pos- 
terior surface of the stylopharyngeus muscle. It passes 
around the lateral surface of the stylopharyngeus and then 
slips through the posterior aspect of the gap between the 
superior constrictor, middle constrictor, and mylohyoid 
muscles. The nerve then passes forward on the oropharyn- 
geal wall just below the inferior pole of the palatine tonsil 
and enters the pharyngeal part of the tongue deep to the 
styloglossus and hyoglossus muscles. In addition to taste 
and general sensation on the posterior one-third of the 


Sensory 


Anterior two-thirds (oral) 

e general sensation 
mandibular nerve [V3] 
via lingual nerve 

e special sensation (taste) 
facial nerve [VII] via 
chorda tympani 


Posterior one-third (pharyngeal) 
e general and special 
(taste) sensation via 
glossopharyngeal nerve [IX] 








Motor 


Hypoglossal 
nerve [XII] 


Intrinsic muscle 
Genioglossus 
Hyoglossus 
Styloglossus 


Palatoglossus — vagus nerve [X] 


Fig. 8.249 Innervation of the tongue. 


tongue, branches creep anterior to the terminal sulcus of 
tongue to carry taste (SA) and general sensation from the 
vallate papillae. 


Lingual nerve 


General sensory innervation from the anterior two-thirds 
or oral part of the tongue is carried by the lingual nerve, 
which is a major branch of the mandibular nerve [V3]. It 
originates in the infratemporal fossa and passes anteriorly 
into the floor of the oral cavity by passing through the gap 
between the mylohyoid, superior constrictor, and middle 
constrictor muscles (Fig. 8.250). As it travels through the 
gap, it passes immediately inferior to the attachment of 
superior constrictor to the mandible and continues forward 
on the medial surface of the mandible adjacent to the last 
molar tooth and deep to the gingiva. In this position, the 
nerve can be palpated against the bone by placing a finger 
into the oral cavity. 

The lingual nerve then continues anteromedially across 
the floor of the oral cavity, loops under the submandibular 
duct, and ascends into the tongue on the external and 
superior surface of the hyoglossus muscle. 

In addition to general sensation from the oral part of the 
tongue, the lingual nerve also carries general sensation 
from the mucosa on the floor of the oral cavity and gingiva 
associated with the lower teeth. The lingual nerve also 
carries parasympathetic and taste fibers from the oral part 
of the tongue that are part of the facial nerve [VII]. 


Lingual nerve Chorda tympani 
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constrictor 


Submandibular duct 


Mylohyoid Middle constrictor 


Fig. 8.250 Lingual nerve in the floor of the oral cavity (medial 
view). 





Facial nerve [VII] 


Taste (SA) from the oral part of the tongue is carried into 
the central nervous system by the facial nerve [ VII]. Special 
sensory (SA) fibers of the facial nerve [VII] leave the tongue 
and oral cavity as part of the lingual nerve. The fibers then 
enter the chorda tympani nerve, which is a branch of the 
facial nerve [VII] that joins the lingual nerve in the infra- 
temporal fossa (Fig. 8.250; also see p. 935). 


Hypoglossal nerve [XII] 


All muscles of the tongue are innervated by the hypoglos- 
sal nerve [XII] except for the palatoglossus muscle, which 
is innervated by the vagus nerve [X]. 

The hypoglossal nerve [XII] leaves the skull through the 
hypoglossal canal and descends almost vertically in the 
neck to a level just below the angle of mandible (Fig. 8.251). 
Here it angles sharply forward around the sternocleido- 
mastoid branch of the occipital artery, crosses the external 
carotid artery, and continues forward, crossing the loop of 
the lingual artery, to reach the external surface of the 
lower one-third of the hyoglossus muscle. 

The hypoglossal nerve [XII] follows the hyoglossus 
muscle through the gap between the superior constrictor, 
middle constrictor, and mylohyoid muscles to reach the 
tongue. 
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Fig. 8.251 Hypoglossal nerve and Cl fibers. 1043 
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In the upper neck, a branch from the anterior ramus of 
C1 joins the hypoglossal nerve [XII]. Most of these C1 fibers 
leave the hypoglossal nerve [XII] as the superior root of the 
ansa cervicalis (Fig. 8.251). Near the posterior border of 
the hyoglossus muscle, the remaining fibers leave the 
hypoglossal nerve [XII] and form two nerves: 


= the thyrohyoid branch, which remains in the neck to 
innervate the thyrohyoid muscle; 

the branch to the geniohyoid, which passes into the 
floor of the oral cavity to innervate the geniohyoid. 


Lymphatics 
All lymphatic vessels from the tongue ultimately drain into 


the deep cervical chain of nodes along the internal jugular 
vein: 


= the pharyngeal part of the tongue drains through the 
pharyngeal wall directly into mainly the jugulodigas- 
tric node of the deep cervical chain; 

= the oral part of the tongue drains both directly into the 
deep cervical nodes, and indirectly into these nodes by 
passing first through the mylohyoid muscle and into 
submental and submandibular nodes. 


The submental nodes are inferior to the mylohyoid 
muscles and between the digastric muscles, while the sub- 
mandibular nodes are below the floor of the oral cavity 
along the inner aspect of the inferior margins of the 
mandible. 

The tip of the tongue drains through the mylohyoid 
muscle into the submental nodes and then into mainly the 
jugulo-omohyoid node of the deep cervical chain. 


Salivary glands 


Salivary glands are glands that open or secrete into the oral 
cavity. Most are small glands in the submucosa or mucosa 
of the oral epithelium lining the tongue, palate, cheeks, 
and lips, and open into the oral cavity directly or via small 
ducts. In addition to these small glands are much larger 
glands, which include the paired parotid, submandibular, 
and sublingual glands. 


Parotid gland 


The parotid gland (see p. 863) on each side is entirely 
outside the boundaries of the oral cavity in a shallow tri- 
angular-shaped trench (Fig. 8.252) formed by: 


the sternocleidomastoid muscle behind; 

the ramus of mandible in front; and 

superiorly, the base of the trench is formed by the exter- 
nal acoustic meatus and the posterior aspect of the 
zygomatic arch. 


The gland normally extends anteriorly over the masse- 
ter muscle, and inferiorly over the posterior belly of the 
digastric muscle. 

The parotid duct passes anteriorly across the external 
surface of the masseter muscle and then turns medially to 
penetrate the buccinator muscle of the cheek and open into 
the oral cavity adjacent to the crown of the second upper 
molar tooth. 

The parotid gland encloses the external carotid artery, 
the retromandibular vein, and the origin of the extracra- 
nial part of the facial nerve [VII]. 


Parotid gland 


Buccinator Masseter External auditory meatus 
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Fig. 8.252 Parotid gland. 





where it is lateral to the root of the tongue on the lateral 
surface of the hyoglossus muscle. 


Submandibular glands 


The elongate submandibular glands are smaller than 
the parotid glands, but larger than the sublingual glands. The submandibular duct emerges from the medial 
Each is hook shaped (Fig. 8.253A and 8.253B): side of the deep part of the gland in the oral cavity and 
passes forward to open on the summit of a small sublin- 
= the larger arm of the hook is directed forward in the gual caruncle (papilla) beside the base of frenulum of the 
horizontal plane below the mylohyoid muscle and is tongue (Fig. 8.253C and 8.253D). 
therefore outside the boundaries of the oral cavity—this The lingual nerve loops under the submandibular duct, 
larger superficial part of the gland is directly against a crossing first the lateral side and then the medial side of the 
shallow impression on the medial side of the mandible duct, as the nerve descends anteromedially through the 
(submandibular fossa) inferior to the mylohyoid line; floor of the oral cavity and then ascends into the tongue. 
= the smaller arm of the hook (or deep part) of the gland 
loops around the posterior margin of the mylohyoid 
muscle to enter and lie within the floor of the oral cavity 


A B Sublingual gland 
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Fig. 8.253 Submandibular and sublingual glands. A. Medial view. B. Posterior view. C. Anterior view. D. Anterosuperior view. 1045 
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Sublingual glands 


The sublingual glands are the smallest of the three major 
paired salivary glands. Each is almond shaped and is imme- 
diately lateral to the submandibular duct and associated 
lingual nerve in the floor of the oral cavity (Fig. 8.253). 

Each sublingual gland lies directly against the medial 
surface of the mandible where it forms a shallow groove 
(sublingual fossa) superior to the anterior one-third of the 
mylohyoid line. 

The superior margin of the sublingual gland raises an 
elongate fold of mucosa (sublingual fold), which extends 
from the posterolateral aspect of the floor of the oral cavity 
to the sublingual papilla beside the base of the frenulum of 
the tongue at the midline anteriorly. 

The sublingual gland drains into the oral cavity via 
numerous small ducts (minor sublingual ducts), which 
open onto the crest of the sublingual fold. Occasionally, the 
more anterior part of the gland is drained by a duct (major 
sublingual duct) that opens together with the submandib- 
ular duct on the sublingual caruncle. 


Vessels 


Vessels that supply the parotid gland originate from the 
external carotid artery and from its branches that are adja- 
cent to the gland. The submandibular and sublingual 
glands are supplied by branches of the facial and lingual 
arteries. 
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Veins from the parotid gland drain into the external 
jugular vein, and those from the submandibular and sub- 
lingual glands drain into lingual and facial veins. 

Lymphatic vessels from the parotid gland drain into 
nodes that are on or in the gland. These parotid nodes then 
drain into superficial and deep cervical nodes. 

Lymphatics from the submandibular and sublingual 
glands drain mainly into submandibular nodes and then 
into deep cervical nodes, particularly the jugulo-omohyoid 
node. 


Innervation 
Parasympathetic 


Parasympathetic innervation to all salivary glands in the 
oral cavity is by branches of the facial nerve [VII], which 
join branches of the maxillary [V,] and mandibular [V3] 
nerves to reach their target destinations. 

The parotid gland receives its parasympathetic innerva- 
tion from fibers that initially traveled in the glossopharyn- 
geal nerve [IX], which eventually joins a branch of the 
mandibular nerve [V3] in the infratemporal fossa (Fig. 
8.254). 
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Fig. 8.254 Secretomotor (parasympathetic) innervation of the salivary glands. 


Greater petrosal nerve 


All salivary glands above the level of the oral fissure, as 
well as all mucus glands in the nose and the lacrimal gland 
in the orbit, are innervated by parasympathetic fibers 
carried in the greater petrosal branch of the facial nerve 
[VII] (Fig. 8.254). Preganglionic parasympathetic fibers 
carried in this nerve enter the pterygopalatine fossa and 
synapse with postganglionic parasympathetic fibers in the 
pterygopalatine ganglion formed around branches of the 
maxillary nerve [V,]. Postganglionic parasympathetic 
fibers join general sensory branches of the maxillary nerve, 
such as the palatine nerves, destined for the roof of the oral 
cavity, to reach their target glands. 


Chorda tympani 


All glands below the level of the oral fissure, which include 
those small glands in the floor of the oral cavity, in the 
lower lip, and in the tongue, and the larger submandibular 
and sublingual glands, are innervated by parasympathetic 
fibers carried in the chorda tympani branch of the facial 
nerve [VII] (Fig. 8.254). 

The chorda tympani joins the lingual nerve of the man- 
dibular nerve [V3] in the infratemporal fossa and passes 
with it into the oral cavity. On the external surface of the 
hyoglossus muscle, preganglionic parasympathetic fibers 
leave the inferior aspect of the lingual nerve to synapse 
with postganglionic parasympathetic fibers in the sub- 
mandibular ganglion, which appears to hang offthe lingual 
nerve (Fig. 8.255). Postganglionic parasympathetic fibers 
leave the ganglion and pass directly to the submandibular 
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Fig. 8.255 Course of parasympathetic fibers carried in the chorda 
tympani nerve. 


and sublingual glands while others hop back onto the 
lingual nerve and travel with branches of the lingual nerve 
to target glands. 


Roof—palate 


The roof of the oral cavity consists of the palate, which has 
two parts—an anterior hard palate and a posterior soft 
palate (Fig. 8.256). 


Hard palate 


The hard palate separates the oral cavity from the nasal 
cavities. It consists of a bony plate covered above and below 
by mucosa: 


= above, it is covered by respiratory mucosa and forms 
the floor of the nasal cavities; 

= below, it is covered by a tightly bound layer of oral 
mucosa and forms much of the roof of the oral cavity 
(Fig. 8.256). 


The palatine processes of the maxillae form the anterior 
three-quarters of the hard palate. The horizontal plates of 
the palatine bones form the posterior one-quarter. In the 
oral cavity, the upper alveolar arch borders the hard palate 
anteriorly and laterally. Posteriorly, the hard palate is con- 
tinuous with the soft palate. 

The mucosa of the hard palate in the oral cavity pos- 
sesses numerous transverse palatine folds (palatine 
rugae) and a median longitudinal ridge (palatine raphe), 


Incisive papilla 
overlying incisive 
fossa 


5 







Hard palate 


Soft palate 


Uvula 


Fig. 8.256 Palate. 
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which ends anteriorly in a small oval elevation (incisive 
papilla). The incisive papilla overlies the incisive fossa 
formed between the horizontal plates of the maxillae imme- 
diately behind the incisor teeth. 


Soft palate 


The soft palate (Fig. 8.256) continues posteriorly from the 
hard palate and acts as a valve that can be: 


depressed to help close the oropharyngeal isthmus; 
elevated to separate the nasopharynx from the 
oropharynx. 


The soft palate is formed and moved by four muscles and 
is covered by mucosa that is continuous with the mucosa 
lining the pharynx and oral and nasal cavities. 

The small tear-shaped muscular projection that hangs 
from the posterior free margin of the soft palate is the 
uvula. 


Muscles of the soft palate 


Five muscles (Table 8.22) on each side contribute to the 
formation and movement of the soft palate. Two of these, 
the tensor veli palatini and levator veli palatini, descend 
into the palate from the base of the skull. Two others, the 
palatoglossus and palatopharyngeus, ascend into the 
palate from the tongue and pharynx, respectively. The last 
muscle, the musculus uvulae, is associated with the 
uvula. 

All muscles of the palate are innervated by the vagus 
nerve |X] except for the tensor veli palatini, which is inner- 


Table 8.22 Muscles of the soft palate 


Palatine aponeurosis 


vated by the mandibular nerve | V;] (via the nerve to medial 
pterygoid). 


Tensor veli palatini and the 
palatine aponeurosis 


The tensor veli palatini muscle is composed of two 
parts—a vertical muscular part and a more horizontal 
fibrous part, which forms the palatine aponeurosis (Fig. 
8.257A). 

The vertical part of the tensor veli palatini is thin and 
triangular in shape with its base attached to the skull and 
its apex pointed inferiorly. The base is attached along an 
oblique line that begins medially at the scaphoid fossa 
near the root of the pterygoid process of the sphenoid bone 
and continues laterally along the membranous part of the 
pharyngotympanic tube to the spine of the sphenoid 
bone. 

The tensor veli palatini descends vertically along the 
lateral surface of the medial plate of the pterygoid process 
and pharyngeal wall to the pterygoid hamulus where the 
fibers converge to form a small tendon. 

The tendon loops 90° medially around the pterygoid 
hamulus, penetrating the origin of the buccinator muscle 
as it does, and expands like a fan to form the fibrous hori- 
zontal part of the muscle. This fibrous part is continuous 
across the midline with its partner on the other side to form 
the palatine aponeurosis. 

The palatine aponeurosis is attached anteriorly to the 
margin of the hard palate, but is unattached posteriorly 
where it ends in a free margin. This expansive aponeurosis 


Innervation Function 


Mandibular nerve [V3] 
via the branch to medial 
pterygoid muscle 


Tenses the soft palate; opens 
the pharyngotympanic tube 


Muscle Origin Insertion 
Tensor veli Scaphoid fossa of sohenoid bone; 
palatini fibrous part of pharyngotympanic 
tube; spine of sohenoid 
Levator veli Petrous part of temporal bone 
palatini anterior to opening for carotid 


Palatopharyngeus 


Palatoglossus 


Musculus uvulae 


canal 


Superior surface of palatine 
aponeurosis 


Inferior surface of palatine 
aponeurosis 


Posterior nasal spine of hard 
palate 


Superior surface of 
palatine aponeurosis 


Pharyngeal wall 


Lateral margin of 
tongue 


Connective tissue of 
uvula 


Vagus nerve [X] via 
pharyngeal branch to 
pharyngeal plexus 


Vagus nerve [X] via 
pharyngeal branch to 
pharyngeal plexus 


Vagus nerve [X] via 
pharyngeal branch to 
pharyngeal plexus 


Vagus nerve [X] via 
pharyngeal branch to 
pharyngeal plexus 


Only muscle to elevate the soft 
palate above the neutral 
position 


Depresses soft palate; moves 
palatopharyngeal arch toward 
midline; elevates pharynx 


Depresses palate; moves 
palatoglossal arch toward 
midline; elevates back of the 
tongue 


Elevates and retracts uvula; 
thickens central region of soft 
palate 


Regional anatomy ° Oral cavity 





Muscular part of tensor veli palatini 
Fibrous part of pharyngotympanic tube 
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Fig. 8.257 A. Tensor veli palatini muscles and the palatine aponeurosis. B. Levator veli palatini muscles. C. Palatopharyngeus muscles. 1049 
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is the major structural element of the soft palate to which 
the other muscles of the palate attach. 
The tensor veli palatini: 


= tenses (makes firm) the soft palate so that the other 
muscles attached to the palate can work more effec- 
tively; and 

= opens the pharyngotympanic tube when the palate 
moves during yawning and swallowing as a result of its 
attachment superiorly to the membranous part of the 
pharyngotympanic tube. 


The tensor veli palatini is innervated by the nerve to 
medial pterygoid from the mandibular nerve [V3]. 


Levator veli palatini 


The levator veli palatini muscle originates from the base of 
the skull and descends to the upper surface of the palatine 
aponeurosis (Fig. 8.257B). On the skull, it originates from 
a roughened area on the petrous part of the temporal bone 
immediately anterior to the opening of the carotid canal. 
Some fibers also originate from adjacent parts of the pha- 
ryngotympanic tube. 

The levator veli palatini passes anteroinferiorly through 
fascia of the pharyngeal wall, passes medial to the pharyn- 
gotympanic tube, and inserts onto the palatine aponeuro- 
sis. Its fibers interlace at the midline with those of the 
levator veli palatini on the other side. 

Unlike the tensor veli palatini muscles, the levator veli 
palatini muscles do not pass around the pterygoid hamulus, 
but course directly from the base of the skull to the upper 
surface of the palatine aponeurosis. Therefore, they are the 
only muscles that can elevate the palate above the neutral 
position and close the pharyngeal isthmus between the 
nasopharynx and oropharynx. 

The levator veli palatini is innervated by the vagus 
nerve [|X] through the pharyngeal branch to the pharyn- 
geal plexus. Clinically, the levator veli palatini can be tested 
by asking a patient to say “ah.” If the muscle on each side 
is functioning normally, the palate elevates evenly in the 
midline. If one side is not functioning, the palate deviates 
away from the abnormal side. 


Palatopharyngeus 


The palatopharyngeus muscle originates from the superior 
surface of the palatine aponeurosis and passes posterolat- 
erally over its margin to descend and become one of the 
longitudinal muscles of the pharyngeal wall (Fig. 8.257C). 
It is attached to the palatine aponeurosis by two flat lamel- 
lae separated by the levator veli palatini muscle. The more 
anterior and lateral of these two lamellae is attached to the 


posterior margin of the hard palate as well as to the pala- 
tine aponeurosis. 

The two palatopharyngeus muscles, one on each side, 
underlie the palatopharyngeal arches on the oropha- 
ryngeal wall. The palatopharyngeal arches lie posterior 
and medial to the palatoglossal arches when viewed 
anteriorly through the oral cavity (Fig. 8.258). 

On each side, the palatine tonsil is between the palato- 
pharyngeal and palatoglossal arches on the lateral oropha- 
ryngeal wall. 

The palatopharyngeus muscles: 


depress the palate and move the palatopharyngeal 
arches toward the midline like curtains—both these 
actions help close the oropharyngeal isthmus; and 

= elevate the pharynx during swallowing. 


A 


Posterior wall of oropharynx Palatine tonsil 


Palatoglossal arch 


Palatopharyngeal arch 





Anterior margin of 
oropharyngeal isthmus 
(palatoglossal arch) 


Tongue 


Closure of oropharyngeal isthmus 

e Medial and downward movement of palatoglossal arches 

e Medial and downward movement of palatopharyngeal arches 
e Upward movement of tongue 

e Downward and forward movement of soft palate 


Fig. 8.258 Open mouth with soft palate. A. Oropharyngeal 
isthmus opened. B. Oropharyngeal isthmus closed. 


The palatopharyngeus is innervated by the vagus nerve 
[X] through the pharyngeal branch to the pharyngeal 
plexus. 


Palatoglossus 


The palatoglossus muscle attaches to the inferior (oral 
surface) of the palatine aponeurosis and passes inferiorly 
and anteriorly into the lateral surface of the tongue (Fig. 
8.259). 

The palatoglossus muscle underlies a fold of mucosa 
that arches from the soft palate to the tongue. These pala- 
toglossal arches, one on each side, are lateral and anterior 
to the palatopharyngeal arches and define the lateral 
margins of the oropharyngeal isthmus (Fig. 8.258). 

The palatine tonsil is between the palatoglossal and 
palatopharyngeal arches on the lateral oropharyngeal 
wall. 

The palatoglossus muscles depress the palate, move the 
palatoglossal arches toward the midline like curtains, and 
elevate the back of the tongue. These actions help close the 
oropharyngeal isthmus. 


gv 


Palatoglossus 
from underside of aponeurosis 


Palatine tonsil 


Fig. 8.259 Palatoglossus muscles and musculus uvulae. 







The palatoglossus is innervated by the vagus nerve [X] 
through the pharyngeal branch to the pharyngeal 
plexus. 


Musculus uvulae 


The musculus uvulae originates from the posterior nasal 
spine on the posterior margin of the hard palate and passes 
directly posteriorly over the dorsal aspect of the palatine 
aponeurosis to insert into connective tissue underlying 
the mucosa of the uvula (Fig. 8.259). It passes between the 
two lamellae of the palatopharyngeus superior to the 
attachment of the levator veli palatini. Along the midline, 
the musculus uvulae blends with its partner on the other 
side. 

The musculus uvulae elevates and retracts the uvula. 
This action thickens the central part of the soft palate and 
helps the levator veli palatini muscles close the pharyngeal 
isthmus between the nasopharynx and oropharynx. 

The musculus uvulae is innervated by the vagus nerve 
[X] through the pharyngeal branch to the pharyngeal 
plexus. 
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Lesser palatine artery 


Greater palatine artery 


Ascending palatine artery 


Facial artery 


Lingual artery 


Superior thyroid artery 


Fig. 8.260 Arteries of the palate. 


Vessels 
Arteries 


Arteries of the palate include the greater palatine branch 
of the maxillary artery, the ascending palatine branch of 
the facial artery, and the palatine branch of the ascending 
pharyngeal artery. The maxillary, facial, and ascending 
pharyngeal arteries are all branches that arise in the neck 
from the external carotid artery (Fig. 8.260). 


Ascending palatine artery and palatine branch 


The ascending palatine artery of the facial artery 
ascends along the external surface of the pharynx. The 
palatine branch loops medially over the top of the superior 
constrictor muscle of the pharynx to penetrate the pharyn- 
geal fascia with the levator veli palatini muscle and follow 
the levator veli palatini to the soft palate. 

The palatine branch of the ascending pharyngeal 
artery follows the same course as the palatine branch of 
the ascending palatine artery from the facial artery and 
may replace the vessel. 


Greater palatine artery 


The greater palatine artery originates from the maxil- 
lary artery in the pterygopalatine fossa. It descends into the 
palatine canal where it gives origin to a small lesser pala- 
tine branch, and then continues through the greater 
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branch of ascending pharyngeal artery 


Fig. 8.261 Palatine nerves and arteries. 


palatine foramen onto the inferior surface of the hard 
palate (Fig. 8.261). The greater palatine artery passes 
forward on the hard palate and then leaves the palate supe- 
riorly through the incisive canal to enter the medial wall 


of the nasal cavity where it terminates. The greater pala- 
tine artery is the major artery of the hard palate. It also 
supplies palatal gingiva. The lesser palatine branch passes 
through the lesser palatine foramen just posterior to the 
greater palatine foramen, and contributes to the vascular 
supply of the soft palate. 


Veins 


Veins from the palate generally follow the arteries and ulti- 
mately drain into the pterygoid plexus of veins in the infra- 


Venous drainage 
from palate 


Facial vein : 


Fig. 8.262 Venous and lymphatic drainage of the palate. 
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temporal fossa (Fig. 8.262), or into a network of veins 
associated with the palatine tonsil, which drain into the 
pharyngeal plexus of veins or directly into the facial vein. 


Lymphatics 


Lymphatic vessels from the palate drain into deep cervical 
nodes (Fig. 8.262). 


Maxillary vein 





Lymph from palate 
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Innervation 


The palate is supplied by the greater and lesser palatine 
nerves and the nasopalatine nerve (Figs. 8.261 and 
8.263). 

General sensory fibers carried in all these nerves origi- 
nate in the pterygopalatine fossa from the maxillary nerve 
[V2]. 

Parasympathetic (to glands) and SA (taste on soft palate) 
fibers from a branch of the facial nerve [VII] join the nerves 
in the pterygopalatine fossa, as do the sympathetics (mainly 
to blood vessels) ultimately derived from the T1 spinal cord 
level. 


Greater and lesser palatine nerves 


The greater and lesser palatine nerves descend through the 
pterygopalatine fossa and palatine canal to reach the 
palate: 


Nasopalatine nerve 


Nerve of pterygoid canal 


= the greater palatine nerve travels through the greater 
palatine foramen and turns anteriorly to supply the 
hard palate and gingiva as far as the first premolar; 

the lesser palatine nerve passes posteromedially to 
supply the soft palate. 


Nasopalatine nerve 


The nasopalatine nerve also originates in the pterygopala- 
tine fossa, but passes medially into the nasal cavity. It con- 
tinues medially over the roof of the nasal cavity to reach 
the medial wall, then anteriorly and obliquely down the 
wall to reach the incisive canal in the anterior floor, and 
descends through the incisive canal and fossa to reach the 
inferior surface of the hard palate. 

The nasopalatine nerve supplies gingiva and mucosa 
adjacent to the incisors and canine. 


Greater petrosal nerve 
(preganglionic parasympathetic 
and special sensory [taste]) 


Maxillary nerve 
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Fig. 8.263 Innervation of the palate. 
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Oral fissure and lips 


The oral fissure is the slit-like opening between the lips that 
connects the oral vestibule to the outside (Fig. 8.264). It 
can be opened and closed, and altered in shape by the 
movements of the muscles of facial expression associated 
with the lips and surrounding regions, and by movements 
of the lower jaw (mandible). 

The lips are entirely composed of soft tissues (Fig. 
8.264B). They are lined internally by oral mucosa and 
covered externally by skin. Externally, there is an area of 
transition from the thicker skin that covers the face to the 
thinner skin that overlies the margins of the lips and 
continues as oral mucosa onto the deep surfaces of the 
lips. 

Blood vessels are closer to the surface in areas where 
the skin is thin and as a consequence there is a vermilion 
border that covers the margins of the lips. 

The upper lip has a shallow vertical groove on its exter- 
nal surface (the philtrum) sandwiched between two ele- 
vated ridges of skin. The philtrum and ridges are formed 
embryologically by fusion of the medial nasal processes. 

On the inner surface of both lips, a fold of mucosa (the 
median labial frenulum) connects the lip to the adjacent 
gum. 

The lips enclose the orbicularis oris muscle, neurovas- 
cular tissues, and labial glands. The small pea-shaped 
labial glands are between the muscle tissue and the oral 
mucosa and open into the oral vestibule. 

A number of muscles of facial expression control the 
shape and size of the oral fissure. The most important of 


Philtrum 


Superior and 
inferior labial 
artery 


Facial artery 


Orbicularis oris muscle 


Fig. 8.264 Oral fissure and lips. A. Anterior view. B. Lateral view. 






these is the orbicularis oris muscle, which encircles the 
orifice and acts as a sphincter. A number of other muscles 
of facial expression blend into the orbicularis oris or other 
tissues of the lips and open or adjust the contours of the 
oral fissure. These include buccinator, levator labii superi- 
oris, zygomaticus major and minor, levator anguli oris, 
depressor labii inferioris, depressor anguli oris, and pla- 
tysma (see pp. 859-862). 


Oropharyngeal isthmus 


The oropharyngeal isthmus is the opening between the 
oral cavity and the oropharynx (see Fig. 8.258). It is 
formed: 


laterally by the palatoglossal arches; 

superiorly by the soft palate; and 

and inferiorly by the sulcus terminalis of the tongue 
that divides the oral surface of the tongue (anterior 
two-thirds) from the pharyngeal surface (posterior 
one-third). 


The oropharyngeal isthmus can be closed by elevation 
of the posterior aspect of the tongue, depression of the 
palate, and medial movement of the palatoglossal arches 
toward the midline. 

Medial movement of the palatopharyngeal arches 
medial and posterior to the palatoglossal arches is also 
involved in closing the oropharyngeal isthmus. By closing 
the oropharyngeal isthmus, food or liquid can be held in 
the oral cavity while breathing. 
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Teeth and gingivae 


The teeth are attached to sockets (alveoli) in two elevated 
arches of bone on the mandible below and the maxillae 
above (alveolar arches). Ifthe teeth are removed, the alveo- 
lar bone is resorbed and the arches disappear. 


Incisors 


Upper 









Incisors 


Upper 


Incisors 


Lower 


Molars 


Roots related to 
maxillary sinus 


ree 


Lower 





The gingivae (gums) are specialized regions of the oral 
mucosa that surround the teeth and cover adjacent regions 
of the alveolar bone. 

The different types of teeth are distinguished on the 
basis of morphology, position, and function (Fig. 
8.265A). 

In adults, there are 32 teeth, 16 in the upper jaw and 
16 in the lower jaw. On each side in both maxillary and 







Maxillary sinus 
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Premolars 
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Fig. 8.265 Teeth. A. Adult upper and lower permanent teeth. B. Deciduous (“baby”) teeth. 


mandibular arches are two incisor, one canine, two pre- 
molar, and three molar teeth. 


= the incisor teeth are the “front teeth” and have one 
root and a chisel-shaped crown, which “cuts”; 

= the canine teeth are posterior to the incisors, are the 
longest teeth, have a crown with a single pointed cusp, 
and “grasp”; 

= the premolar teeth (bicuspids) have a crown with two 
pointed cusps, one on the buccal (cheek) side of the 
tooth and the other on the lingual (tongue) or palatal 
(palate) side, generally have one root (but the upper 
first premolar next to the canine may have two), and 
“grind”; 

= the molar teeth are behind the premolar teeth, have 
three roots and crowns with three to five cusps, and 
“grind.” 


Two successive sets of teeth develop in humans, decidu- 
ous teeth (“baby” teeth) (Fig. 8.265B) and permanent 
teeth (“adult” teeth). The deciduous teeth emerge from the 
gingivae at between six months and two years of age. Per- 
manent teeth begin to emerge and replace the deciduous 
teeth at around age six years, and can continue to emerge 
into adulthood. 





The 20 deciduous teeth consist of two incisor, one 
canine, and two molar teeth on each side of the upper and 
lower jaws. These teeth are replaced by the incisor, canine, 
and premolar teeth of the permanent teeth. The permanent 
molar teeth erupt posterior to the deciduous molars and 
require the jaws to elongate forward to accommodate 
them. 


Vessels 
Arteries 


All teeth are supplied by vessels that branch either directly 
or indirectly from the maxillary artery (Fig. 8.266). 


Inferior alveolar artery 


All lower teeth are supplied by the inferior alveolar 
artery, which originates from the maxillary artery in the 
infratemporal fossa. The vessel enters the mandibular 
canal of the mandible, passes anteriorly in bone supplying 
vessels to the more posterior teeth, and divides opposite 
the first premolar into incisor and mental branches. The 
mental branch leaves the mental foramen to supply the 
chin, while the incisor branch continues in bone to supply 
the anterior teeth and adjacent structures. 
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Fig. 8.266 Arteries and veins of the teeth. 
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Anterior and posterior superior 
alveolar arteries 


All upper teeth are supplied by anterior and posterior supe- 
rior alveolar arteries. 

The posterior superior alveolar artery originates 
from the maxillary artery just after the maxillary artery 
enters the pterygopalatine fossa and it leaves the fossa 
through the pterygomaxillary fissure. It descends on the 
posterolateral surface of the maxilla, branches, and enters 
small canals in the bone to supply the molar and premolar 
teeth. 

The anterior superior alveolar artery originates 
from the infra-orbital artery, which arises from the maxil- 
lary artery in the pterygopalatine fossa. The infra-orbital 
artery leaves the pterygopalatine fossa through the inferior 
orbital fissure and enters the inferior orbital groove and 
canal in the floor of the orbit. The anterior superior alveo- 
lar artery originates from the infra-orbital artery in the 
infra-orbital canal. It passes through bone and branches to 
supply the incisor and canine teeth. 


Gingival supply 

The gingivae are supplied by multiple vessels and the 
source depends on which side of each tooth the gingiva 
is—the side facing the oral vestibule or cheek (vestibular 
or buccal side), or the side facing the tongue or palate 
(lingual or palatal side): 


= buccal gingiva of the lower teeth is supplied by branches 
from the inferior alveolar artery, whereas the lingual 
side is supplied by branches from the lingual artery of 
the tongue; 

= buccal gingiva of the upper teeth is supplied by branches 
of the anterior and posterior superior alveolar arteries; 

= palatal gingiva is supplied by branches from the naso- 

palatine (incisor and canine teeth) and greater palatine 

(premolar and molar teeth) arteries. 


Veins 


Veins from the upper and lower teeth generally follow the 
arteries (Fig. 8.266). 

Inferior alveolar veins from the lower teeth, and supe- 
rior alveolar veins from the upper teeth drain mainly into 
the pterygoid plexus of veins in the infratemporal fossa, 
although some drainage from the anterior teeth may be via 
tributaries of the facial vein. 


The pterygoid plexus drains mainly into the maxillary 
vein and ultimately into the retromandibular vein and 
jugular system of veins. In addition, small communicating 
vessels pass superiorly, from the plexus, and pass through 
small emissary foramina in the base of the skull to connect 
with the cavernous sinus in the cranial cavity. Infection 
originating in the teeth can track into the cranial cavity 
through these small emissary veins. 

Venous drainage from the teeth can also be via vessels 
that pass through the mental foramen to connect with the 
facial vein. 

Veins from the gingivae also follow the arteries and 
ultimately drain into the facial vein or into the pterygoid 
plexus of veins. 


Lymphatics 
Lymphatic vessels from the teeth and gingivae drain mainly 


into submandibular, submental, and deep cervical nodes 
(Fig. 8.267). 


Deep cervical nodes 
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Fig. 8.267 Lymphatic drainage of the teeth and gums. 


Innervation 


All nerves that innervate the teeth and gingivae are 
branches of the trigeminal nerve [V] (Figs. 8.268 and 
8.269), 


Inferior alveolar nerve 


The lower teeth are all innervated by branches from the 
inferior alveolar nerve, which originates in the infratem- 
poral fossa from the mandibular nerve [V3] (Figs. 8.268 
and 8.269). The inferior alveolar nerve and its accompa- 
nying vessels enter the mandibular foramen on the medial 
surface of the ramus of mandible and travel anteriorly 
through the bone in the mandibular canal. Branches to the 
back teeth originate directly from the inferior alveolar 
nerve. 

Adjacent to the first premolar tooth, the inferior alveo- 
lar nerve divides into incisive and mental branches: 


= the incisive branch innervates the first premolar, the 
canine, and the incisor teeth, together with the associ- 
ated vestibular (buccal) gingiva; 

= the mental nerve exits the mandible through the 
mental foramen and innervates the chin and lower 


lip. 
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Fig. 8.268 Innervation of the teeth. 







Anterior, middle, and posterior superior 
alveolar nerves 


All upper teeth are innervated by the anterior, middle, and 
posterior superior alveolar nerves, which originate directly 
or indirectly from the maxillary nerve | V-] (Figs. 8.268 and 
8.269). 

The posterior superior alveolar nerve originates directly 
from the maxillary nerve [V2] in the pterygopalatine fossa, 
exits the pterygopalatine fossa through the pterygomaxil- 
lary fissure, and descends on the posterolateral surface of 
the maxilla. It enters the maxilla through a small foramen 
approximately midway between the pterygomaxillary 
fissure and the last molar tooth, and passes through the 
bone in the wall of the maxillary sinus. The posterior supe- 
rior alveolar nerve then innervates the molar teeth through 
the superior alveolar plexus formed by the posterior, 
middle, and anterior alveolar nerves. 

The middle and anterior superior alveolar nerves origi- 
nate from the infra-orbital branch of the maxillary nerve 
[V,] in the floor of the orbit: 


= the middle superior alveolar nerve arises from the infra- 
orbital nerve in the infra-orbital groove, passes through 
the bone in the lateral wall of the maxillary sinus, and 
innervates the premolar teeth via the superior alveolar 
plexus; 


Pterygopalatine fossa 


Posterior superior alveolar nerve 


Mandibular nerve in 
infratemporal fossa [V3] 


Inferior alveolar nerve 
in mandibular canal 


Mental foramen 


Incisive nerve 
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Teeth 











Anterior superior alveolar nerve (from [V5]) 


Middle superior alveolar nerve (from [V5]) 


Upper 
Posterior superior 
alveolar nerve (from [V5]) 
Main trunk of inferior 

Lower 


alveolar nerve (from [V3]) 


Incisive branch of inferior 
alveolar nerve (from [V3]) 


Fig. 8.269 Innervation of the teeth and gums. 


= the anterior superior alveolar nerve originates from the 
infra-orbital nerve in the infra-orbital canal, passes 
through the maxilla in the anterior wall of the maxil- 
lary sinus, and via the superior alveolar plexus, supplies 
the canine and incisor teeth. 


Innervation of gingivae 


Like the teeth, the gingivae are innervated by nerves that 
ultimately originate from the trigeminal nerve [V] (Fig. 
8.269): 


= gingiva associated with the upper teeth is innervated by 
branches derived from the maxillary nerve [V2]; 

= gingiva associated with the lower teeth is innervated by 
branches of the mandibular nerve [V3]. 


The gingiva on the buccal side of the upper teeth 
is innervated by the anterior, middle, and superior 


Gingivae 


Nasopalatine nerve (from [V>]) 


Anterior superior alveolar nerve (from [V2]) 


Middle superior alveolar nerve (from [V5]) 


Posterior superior alveolar 
nerve (from [V5]) 


k Greater palatine nerve (from [V>]) 


Lingual nerve (from [V3]) 


Buccal nerve (from [V3]) 


Mental nerve from inferior 
alveolar nerve (from [V3]) 


alveolar nerves, which also innervate the adjacent teeth. 
Gingiva on the palatal (lingual) side of the same teeth is 
innervated by the nasopalatine and the greater palatine 
nerves: 


= the nasopalatine nerve innervates gingiva associated 
with the incisor and canine teeth; 

= the greater palatine nerve supplies gingiva associated 
with the remaining teeth. 


The gingiva associated with the (buccal) side of the 
mandibular incisor, canine, and premolar teeth is inner- 
vated by the mental branch of the inferior alveolar nerve. 
Gingiva on the buccal side of the mandibular molar teeth 
is innervated by the buccal nerve, which originates in the 
infratemporal fossa from the mandibular nerve [V3]. 
Gingiva adjacent to the lingual surface of all lower teeth is 
innervated by the lingual nerve. 





Surface anatomy 


Head and neck surface anatomy 


Skeletal landmarks in the head and neck are used for locat- In addition, information about the general status of 

ing major blood vessels, glands, and muscles, and for locat- body health can often be obtained by evaluating surface 

ing points of access to the airway. features (Fig. 8.270), the eye and the oral cavity, and the 
Neurological examination of the cranial and upper cer- characteristics of speech. 

vical nerves is carried out by assessing function in the head 

and neck. 





Fig. 8.270 Normal appearance of the head and neck. A. A woman, lateral view. B. A woman, anterior view. C. A man, lateral view. D. A man, 
anterior view. 1061 
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Anatomical position of the head 
and major landmarks 


The head is in the anatomical position when the inferior 
margins of the bony orbits and the superior margins of the 
external acoustic meatuses are in the same horizontal 
plane (Frankfort plane). 

In addition to the external acoustic meatus and the 
bony margin of the orbit, other features that are palpable 
include the head of mandible, zygomatic arch, zygomatic 
bone, mastoid process, and external occipital protuberance 
(Fig. 8.271). 

The head of mandible is anterior to the external ear and 
behind and inferior to the posterior end of the zygomatic 
arch. It is best found by opening and closing the jaw and 
palpating the head of mandible as it moves forward onto 
the articular tubercle and then back into the mandibular 
fossa, respectively. 

The zygomatic arch extends forward from the region of 
the temporomandibular joint to the zygomatic bone, which 


Vertex 


Cervical spinal nerves 


External occipital 


protuberance JN 


External auditory meatus 


Mastoid process 


Sternocleidomastoid muscle 


Angle of mandible 





forms a bony prominence lateral to the inferior margin of 
the anterior opening of the orbit. 

The mastoid process is a large bony protuberance that 
is easily palpable posterior to the inferior aspect of the 
external acoustic meatus. The superior end of the sterno- 
cleidomastoid muscle attaches to the mastoid process. 

The external occipital protuberance is palpable in the 
midline posteriorly where the contour of the skull curves 
sharply forward. This landmark marks the point superfi- 
cially where the back of the neck joins the head. 

Another clinically useful feature of the head is the 
vertex. This is the highest point of the head in the anatomi- 
cal position and marks the approximate point on the scalp 
where there is a transition from cervical to cranial innerva- 
tion of the scalp. Anterior to the vertex the scalp and face 
are innervated by the trigeminal nerve |V]. Posterior to the 
vertex, the scalp is innervated by branches from cervical 
spinal nerves. 


Zygomatic bone 


= — Frankfort line 


Inferior margin of orbit 


Position of zygomatic arch 


Position of head of mandible 


Fig. 8.271 Anatomical position of the head and major landmarks. Lateral head and neck of a man. 


Visualizing structures at the CIll/ 
CIV and CVI vertebral levels 


Two vertebral levels in the neck are associated with impor- 
tant anatomical features (Fig. 8.272). 

The intervertebral disc between the CIII and CIV verte- 
brae is in the same horizontal plane as the bifurcation of 
the common carotid artery into the internal and external 
carotid arteries. This level is approximately at the upper 
margin of the thyroid cartilage. 

Vertebral level CVI marks the transition from pharynx 
to esophagus and larynx to trachea. The CVI vertebral 
level therefore marks the superior ends of the esophagus 
and trachea and is approximately at the level of the inferior 
margin of the cricoid cartilage. 


How to outline the anterior and 
posterior triangles of the neck 


The boundaries of the anterior and posterior triangles on 
each side of the neck are easily established using readily 
visible bony and muscular landmarks (Fig. 8.273). 


Bifurcation of common carotid 


Vertebral level CIII/IV 
e Upper margin of thyroid cartilage 
e Bifurcation of common carotid artery 





Vertebral level CVI 
e Arch of cricoid cartilage 
e Superior end of esophagus 
e Superior end of trachea 


Fig. 8.272 Visualizing structures at the CIII/IV and CVI vertebral levels. Lateral head and neck of a man. 








The base of each anterior triangle is the inferior margin 
of the mandible, the anterior margin is the midline of 
the neck, and the posterior margin is the anterior border 
of the sternocleidomastoid muscle. The apex of each ante- 
rior triangle points inferiorly and is at the suprasternal 
notch. 

The anterior triangles are associated with structures 
such as the airway and digestive tract, and nerves and 
vessels that pass between the thorax and head. They 
are also associated with the thyroid and parathyroid 
glands. 

The base of each posterior triangle is the middle one- 
third of the clavicle. The medial margin is the posterior 
border of the sternocleidomastoid muscle, and the lateral 
margin is the anterior border of the trapezius muscle. The 
apex points superiorly and is immediately posteroinferior 
to the mastoid process. 

The posterior triangles are associated with nerves and 
vessels that pass into and out of the upper limbs. 


— Frankfort line 


Pharynx 


Arch of cricoid 


Esophagus 
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How to locate the 
cricothyroid ligament 


An important structure to locate in the neck is the crico- 
thyroid ligament (cricovocal membrane, cricothyroid 
membrane) (Fig. 8.274) because artificial penetration of 
this membrane in emergency situations can provide access 
to the lower airway when the upper airway above the level 
of the vocal folds is blocked. 

The ligament can be easily found using palpable fea- 
tures of the larynx as landmarks. 


A Inferior margin of mandible 







Midline of neck 


Structures coursing between 
head and thorax are associated 
with the anterior triangles 


Posterior margin of 
sternocleidomastoid 


Anterior triangle 


Anterior margin of 
sternocleidomastoid 


Using a finger to gently feel laryngeal structures in the 
midline, first find the thyroid notch in the superior margin 
of the thyroid cartilage and then move the finger inferiorly 
over the laryngeal prominence and down the anterior 
surface of the thyroid angle. As the finger crosses the infe- 
rior margin of the thyroid cartilage in the midline, a soft 
depression is felt before the finger slides onto the arch of the 
cricoid cartilage, which is hard. 

The soft depression between the lower margin of the 
thyroid cartilage and the arch of the cricoid is the position 
of the cricothyroid ligament. 






Posterior triangle 


Anterior margin of 
trapezius 






Structures coursing between Clavicle 
thorax/neck and upper limb are 


associated with the posterior triangles 


Fig. 8.273 How to outline the anterior and posterior triangles of the neck. A. In a woman, anterolateral view. The left anterior triangle is 


indicated. B. In a man, anterior view of the posterior triangles. 






, Thyroid notch 


Laryngeal prominence 


Position of cricothyroid 
ligament 


Arch of cricoid cartilage 





Fig. 8.274 How to locate the cricothyroid ligament. A. In a man, lateral view of head and neck. B. In a woman, lateral view of head and 


neck. 


A tube passed through the cricothyroid ligament enters 
the airway just inferior to the position of the vocal folds of 
the larynx. 

Structures that may occur in or cross the midline 
between the skin and the cricothyroid ligament include the 
pyramidal lobe of the thyroid gland and small vessels, 
respectively. 

Inferior to the cricoid cartilage, the upper cartilage of 
the larynx can sometimes be palpated above the level of the 
isthmus of the thyroid gland that crosses the trachea 
anteriorly. 

The landmarks used for finding the cricothyroid liga- 
ment are similar in men and women; however, because the 
laminae of the thyroid cartilage meet at a more acute angle 
in men, the structures are more prominent in men than in 
women. 


How to find the thyroid gland 


The left and right lobes of the thyroid gland are in the 
anterior triangles in the lower neck on either side of the 





Isthmus of thyroid gland 


Thyroid notch 


Laryngeal prominence 


Position of cricothyroid 
ligament 


Arch of cricoid 
cartilage 


airway and digestive tract inferior to the position of the 
oblique line of the thyroid cartilage (Fig. 8.275). In fact, 
the sternothyroid muscles, which attach superiorly to the 
oblique lines, lie anterior to the lobes of the thyroid gland 
and prevent the lobes from moving upward in the neck. 

The lobes of the thyroid gland can be most easily pal- 
pated by finding the thyroid prominence and arch of the 
cricoid cartilage and then feeling posterolateral to the 
larynx. 

The isthmus of the thyroid gland crosses anterior to the 
upper end of the trachea and can be easily palpated in the 
midline inferior to the arch of the cricoid. 

The presence of the isthmus of the thyroid gland makes 
palpating the tracheal cartilages difficult in the neck. Also, 
the presence of the isthmus of the thyroid gland and the 
associated vessels found in and crossing the midline makes 
it difficult to artificially enter the airway anteriorly through 
the trachea. This procedure, a tracheostomy, is a surgical 
procedure. 






Fig. 8.274, cont’d How to locate the cricothyroid ligament. C. In a man, anterior neck with the chin elevated. D. In a woman, anterior neck 


with the chin elevated. 
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Estimating the position of the 
middle meningeal artery 


The middle meningeal artery (Fig. 8.276) is a branch of the 
maxillary artery in the infratemporal fossa. It enters the 
skull through the foramen spinosum and is within the dura 
mater lining the cranial cavity. 

In lateral blows to the head the middle meningeal artery 
can be ruptured, leading to extradural hemorrhage and 
eventual death if not treated. 

The anterior branch of the middle meningeal artery is 
the part of the vessel most often torn. This branch is in the 








temple region of the head, approximately midway between 
the superior margin of the orbit and the upper part of the 
external ear in the pterion region. The pterion is a small 
circular area enclosing the region where the sphenoid, 
frontal, parietal, and temporal bones of the skull come 
together. 

Lateral blows to the head can fracture the internal table 
of bone of the skull and tear the middle meningeal artery 
in the outer layer of dura mater that is fused to the cranium. 
Blood under pulsatile arterial pressure leaks out of the 
vessel and gradually separates the dura from the bone, 
forming a progressively larger extradural hematoma. 


Position of oblique line on thyroid cartilage 


Hyoid bone 


Thyroid notch 


Laryngeal prominence 


Cricothyroid ligament 


Arch of cricoid 


Left lobe of thyroid gland 
Isthmus of thyroid gland 
Right lobe of thyroid gland 


Fig. 8.275 How to find the thyroid gland. A. In a woman, anterior view of neck. B. In a man, anterior view of neck. 


External ear 


External auditory meatus 








Pterion 


Superior margin of orbit 


= — Frankfort line 


Inferior margin of orbit 


Fig. 8.276 Estimating the position of the middle meningeal artery. Lateral head and neck of a man. 


Major features of the face 


The major features of the face are those related to the ante- 
rior openings of the orbit, the nasal cavities, and the oral 
cavity (Fig. 8.277). 

The palpebral fissures are between the upper and lower 
eyelids and can be opened and closed. The oral fissure is 
the gap between the upper and lower lips and can also be 
opened and closed. 

The sphincter muscles of the oral and palpebral fissures 
are the orbicularis oris and orbicularis oculi muscles, 
respectively. These muscles are innervated by the facial 
nerve [VII]. 

The nares are the anterior apertures of the nasal cavities 
and are continuously open. 

The vertical groove in the midline between the external 
nose and the upper lip is the philtrum. 

Sensory innervation of the face is carried by the trigemi- 
nal nerve [V]. The three divisions of this nerve are repre- 
sented on the face and can be tested by touching the 
forehead (the ophthalmic nerve [V,]), the anterior cheek 
(the maxillary nerve |V>]|), and skin over the anterior body 
of the mandible (the mandibular nerve [V;]). 


Region for testing [V4] 





Palpebral fissure Orbicularis oculi 


Region for 
testing [V2] 
Nostril 


Philtrum 


Oral fissure Region for testing 


sensory of [V3] 
Orbicularis oris 


Fig. 8.277 Major features of the face. Anterior head and neck of 


a woman. 1 067 
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The eye and lacrimal apparatus 


Major features of the eye include the sclera, cornea, iris, 
and pupil (Fig. 8.278). The cornea is continuous with the 
sclera and is the clear circular region of the external cover- 
ing of the eye through which the pupil and iris are visible. 
The sclera is not transparent and is normally white. 

The upper and lower eyelids of each eye enclose between 
them the palpebral fissure. The eyelids come together at 
the medial and lateral palpebral commissures on either 
side of each eye. 


Lacrimal sac 


Lacrimal gland 


Flow of tears 


Inferior canaliculus 


Nasolacrimal duct 


Upper eyelid Pupil Iris 


At the medial side of the palpebral fissure and lateral to 
the medial palpebral commissure is a small triangular soft 
tissue structure (the lacrimal lake). 

The elevated mound of tissue on the medial side of the 
lacrimal lake is the lacrimal caruncle, and the lateral 
margin overlying the sclera is the lacrimal fold. 

The lacrimal apparatus consists of the lacrimal gland 
and the system of ducts and channels that collect the tears 
and drain them into the nasal cavity. Tears hydrate and 
maintain the transparency of the cornea. 





Lacrimal fold Palpebral fissure 











Sclera 


Lacrimal lake 
Medial commissure Lateral commissure 


Lower eyelid 


Lacrimal papilla 


Lacrimal punctum 


Fig. 8.278 Eye and lacrimal apparatus. A. Face of a woman. Lacrimal apparatus and the flow of tears are indicated. B. Left eye and 
surrounding structures. C. Left eye, surrounding structures with lower eyelid pulled down to reveal the lacrimal papilla and lacrimal 


punctum. 


The lacrimal gland is associated with the upper eyelid 
and is in a small depression in the lateral roof of the orbit 
just posterior to the orbital margin. The multiple small 
ducts of the gland open into the upper margin of the con- 
junctival sac, which is the thin gap between the deep 
surface of the eyelid and the cornea. 

Tears are swept medially over the eye by blinking and 
are collected in small openings (lacrimal puncta), one on 
each of the upper and lower eyelids near the lacrimal 
lake. 

Each punctum is on a small raised mound of tissue (a 
lacrimal papilla), and is the opening of a small canal (lac- 
rimal canaliculus) that connects with the lacrimal sac. 

The lacrimal sac is in the lacrimal fossa on the medial 
side of the orbit. From the lacrimal sac, tears drain via the 
nasolacrimal duct into the nasal cavity. 


External ear 


The external ear (Fig. 8.279) consists of the auricle and the 
external acoustic meatus. The auricle is supported by car- 


Concha 


Depression 


Helix 


Antihelix 


External auditory meatus 


Fig. 8.279 External ear. Lateral view of the right ear of a woman. 








tilage and is covered by skin. The external auditory meatus 
is near the anterior margin of the auricle. 

The auricle is characterized by a number of depressions, 
eminences, and folds. The folded outer margin of the auricle 
is the helix, which ends inferiorly as the lobule. A smaller 
fold (the antihelix) parallels the contour of the helix and is 
separated from it by a depression (the scaphoid fossa). 

The tragus is a small eminence anteroinferior to the 
external acoustic meatus. Opposite the tragus and at the 
end of the antihelix is another eminence (the antitragus). 
The depression between the tragus and antitragus is the 
intertragic incisure. 

The deepest depression (the concha) is bracketed by the 
antihelix and leads into the external acoustic meatus. 
Other depressions include the triangular fossa and the 
cymba conchae. 


Triangular fossa 


Cymba conchae 


Tragus 


Intertragic incisure 


Antitragus 


Lobule 
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Pulse points 


Arterial pulses can be felt at four locations in the head and 
neck (Fig. 8.280). 


= Carotid pulse—the common or external carotid artery 
can be palpated in the anterior triangle of the neck. This 
is one of the strongest pulses in the body. The pulse can 
be obtained by palpating either the common carotid 
artery posterolateral to the larynx or the external 
carotid artery immediately lateral to the pharynx 
midway between the superior margin of the thyroid 
cartilage below and the greater horn of the hyoid bone 
above. 





Temporal pulse 
(superficial temporal artery) 


Carotid pulse 


Fig. 8.280 Where to take arterial pulses in the head and neck. 


Facial pulse—the facial artery can be palpated as it 
crosses the inferior border of the mandible immediately 
adjacent to the anterior margin of masseter muscle. 
Temporal pulse—the superficial temporal artery can be 
palpated anterior to the ear and immediately postero- 
superior to the position of the temporomandibular 
joint. 

Temporal pulse—the anterior branch of the superficial 
temporal artery can be palpated posterior to the zygo- 
matic process of the frontal bone as it passes lateral to 
the temporal fascia and into anterolateral regions of the 
scalp. In some individuals pulsations of the superficial 
temporal artery can be seen through the skin. 








Temporal pulse 
(anterior branch of 
superficial temporal artery) 


Facial pulse 


Clinical cases 


Case 1 


MULTINODULAR GOITER 


A 50-year-old overweight woman came to the 
doctor complaining of hoarseness of voice and 
noisy breathing. She was also concerned at the 
increase in size of her neck. On examination she 
had a slow pulse rate (45 beats per minute). She 
also had an irregular knobby mass in the anterior 
aspect of the lower neck, which deviated the 
trachea to the right. 


A clinical diagnosis of a multinodular goiter and 
hypothyroidism was made. 


Enlargement of the thyroid gland is due to increased 
secretion of thyroid stimulating hormone, which is 
usually secondary to diminished output of thyroid 
hormones. The thyroid undergoes periods of activity and 
regression, which can lead to the formation of nodules, 
some of which are solid and some of which are partially 
cystic (colloid cysts). This nodule formation is 
compounded by areas of fibrosis within the gland. Other 
causes of multinodular goiter include iodine deficiency, 
and in certain circumstances, drugs that interfere with 
the metabolism and production of thyroxine. The typical 
symptom of a goiter is a painless swelling of the thyroid 
gland. It may be smooth or nodular, and occasionally it 
may extend into the superior mediastinum as a 
retrosternal goiter. 


The trachea was deviated. 


The enlargement of the thyroid gland due to a 
multinodular goiter may not be symmetrical. In this case 
there was significant asymmetrical enlargement of the 
left lobe of the thyroid deviating the trachea to the right. 


The patient had a hoarse voice and noisy breathing. 


If the thyroid gland enlargement is significant it can 
compress the trachea, narrowing it to such an extent that 
a “crowing sound” is heard during inspiration (stridor). 


Other possible causes for hoarseness include paralysis of 
the vocal cord due to compression of the left recurrent 
laryngeal nerve from the goiter. Of concern is the 
possibility of malignant change within the goiter directly 
invading the recurrent laryngeal nerve. Fortunately, 
malignant change is rare within the thyroid gland. 


Clinical cases ° Case 7 





When patients have a relatively low production of 
thyroxine such that the basal metabolic rate is reduced 
they become more susceptible to infection, including 
throat and upper respiratory tract infections. 


On examination the thyroid gland moved during 
swallowing. 


Characteristically, an enlarged thyroid gland is evident as 
a neck mass arising on one or both sides of the trachea. 
The enlarged thyroid gland moves on swallowing 
because it is attached to the larynx by the pretracheal 
fascia. 


The patient was hypothyroid. 


Hypothyroidism refers to the clinical and biochemical 
state in which the thyroid gland is underactive 
(hyperthyroidism refers to an overactive thyroid gland). 
Some patients have thyroid masses and no clinical or 
biochemical abnormalities—these patients are euthyroid. 


The hormone thyroxine controls the basal metabolic rate; 
therefore, low levels of thyroxine affect the resting pulse 
rate and may produce other changes, including weight 
gain, and in some cases depression. 


The patient was insistent upon surgery. 


After discussion about the risks and complications, a 
subtotal thyroidectomy was performed. After the 
procedure the patient complained of tingling in her 
hands and feet and around her mouth, and 
carpopedal spasm. These symptoms are typical of 
tetany and are caused by low serum calcium levels. 


The etiology of the low serum calcium level was trauma 
and bruising of the four parathyroid glands left in situ 
after the operation. Undoubtedly the trauma of removal 
of such a large thyroid gland produced a change within 
the parathyroid gland, which failed to function 
appropriately. The secretion of parathyroid hormone 
rapidly decreased over the next 24 hours, resulting in 
increased excitability of peripheral nerves, manifest by 
carpopedal spasm and orofacial tingling. Muscle spasms 
can also be elicited by tapping the facial nerve [VII] as it 
emerges from the parotid gland to produce twitching of 
the facial muscles (Chvostek’s sign). 
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Case 1 (continued) 


The patient recovered from these symptoms due to a 
low calcium level over the next 24 hours. 


At her return to clinic the patient was placed on 
supplementary oral thyroxine, which is necessary after 
removal of the thyroid gland. 


The patient also complained of a hoarse voice. 


The etiology of her hoarse voice was damage to the 
recurrent laryngeal nerve. 


Case 2 


PAROTID DUCT CALCULUS 


A 25-year-old man complained of significant 
swelling in front of his right ear before and around 
mealtimes. This swelling was associated with 
considerable pain, which was provoked by the 
ingestion of lemon sweets. On examination he had 
tenderness around the right parotid region and a 
hard nodule was demonstrated in the buccal 
mucosa adjacent to the right upper molar teeth. 


A diagnosis of parotid duct calculus was made. 


The formation of stones in the salivary glands is not 
uncommon, but it is more likely in the submandibular 
gland than in the parotid gland because the saliva is 
more mucinous and the duct has a long upward course 
from the floor of the mouth. Nevertheless, stones do form 
in the parotid gland and the parotid ducts. Notably, most 
parotid duct calculi and submandibular duct calculi 
occur in mouths with excellent dental hygiene and 
mucosa. 


An ultrasound scan was performed. 


An initial ultrasound scan demonstrated a stone in the 
distal end of the right parotid duct with evidence of 
ductal dilatation. Assessment of the gland also 
demonstrated dilated ducts within the gland and 
evidence of intraparotid lymphadenopathy (Fig. 8.281). 


The patient was treated with antibiotics. 


A course of antibiotics was given to remove the bacteria 
that had produced the inflammation. On return to the 
doctor some days later the gland was normal in size and 
there was no evidence of inflammation or infection. 


An operation was necessary. 


The recurrent laryngeal nerve lies close to the thyroid 
gland. It may be damaged in difficult surgical procedures, 
and this may produce unilateral spasm of the ipsilateral 
vocal cord to produce a hoarse voice. 


Since the thyroidectomy and institution of thyroxine 
treatment, the patient has lost weight and has no 
further complaints. 


Masseter muscle Duct Stone 





Fig. 8.281 Ultrasound scan (axial view) demonstrating a 
stone in a dilated parotid duct. 


The stone was at the distal end of the parotid duct and it 
would seem logical and straightforward to make a small 
incision at the sphincter in the buccal mucosa and deliver 
the stone, thus permitting the gland to drain normally. 
Unfortunately, in this patient’s case the gland was 
significantly destroyed by the chronic obstruction and 
bacterial infection. Furthermore, smaller calculi were also 
demonstrated in the gland at ultrasound. On direct 
questioning it appeared that the patient had had 
numerous attacks over the previous 4-5 years and it was 
decided that the parotid gland should be removed 
surgically. 


The patient consented for removal of the parotid 
gland and a discussion of the possibility for loss of 
facial function and facial paralysis was had with the 
patient at this time. 


(continued) 


Case 2 (continued) 


Within the parotid gland the facial nerve [VII] divides into 
its five terminal branches. At operation the gland is 
displayed and extremely careful dissection is necessary to 
peel away the parotid gland from the branches of the 
facial nerve [VII]. This procedure was made more difficult 
by the chronic inflammatory change within the gland. 
After the procedure the patient made a good recovery, 
though there was some mild paralysis of the whole of the 
right side of the face. Importantly, taste to the anterior 
two-thirds of the tongue was preserved. The taste fibers 


Case 3 
EXTRADURAL HEMATOMA 


A 33-year-old man was playing cricket for his local 
Sunday team. As the new bowler pitched the ball 
short, it bounced higher than he anticipated and 
hit him on the side of his head. He immediately fell 
to the ground unconscious, but after about 30 
seconds he was helped to his feet and felt 
otherwise well. It was noted he had some bruising 
around his temple. He decided not to continue 
playing and went to watch the match from the 
side. Over the next hour he became extremely 
sleepy and was eventually unrousable. He was 
rushed to hospital. 


When he was admitted to hospital, the patient’s 
breathing was shallow and irregular and it was 
necessary to intubate him. A skull radiograph 
demonstrated a fracture in the region of the pterion. 
No other abnormality was demonstrated other than 
minor soft tissue bruising over the left temporal fossa. 


A CT scan was performed. 


The CT scan demonstrated a lentiform area of high 
density within the left cranial fossa. 


A diagnosis of extradural hemorrhage was made. 


Fractures in the region of the pterion are extremely 
dangerous. A division of the middle meningeal artery 


Clinical cases * Case 3 





to the anterior two-thirds of the tongue travel in the 
chorda tympani nerve, which is a branch of the facial 
nerve [VII]. This nerve leaves the facial nerve [VII] to join 
the lingual nerve proximal to the parotid gland; 
therefore, any damage to the facial nerve [VII] within the 
parotid gland does not affect special sensation (taste). 


Over the following week the paralysis improved and 
was likely due to nerve bruising during the procedure. 
The patient remained asymptomatic. 


passes deep to this structure and is subject to laceration 
and disruption, especially in conjunction with a skull 
injury in this region. In this case the middle meningeal 
artery was torn and started to bleed, producing a large 
extradural clot. 


The patient's blood pressure began to increase. 


Within the skull there is a fixed volume and clearly what 
goes in must come out (e.g., blood, cerebrospinal fluid). If 
there is a space-occupying lesion, such as an extradural 
hematoma, there is nowhere for this to decompress into. 
As the lesion expands, the brain becomes compressed 
and the intracranial pressure increases. This pressure 
compresses vessels, so lowering the cerebral perfusion 
pressure. To combat this the homeostatic mechanisms of 
the body increase the blood pressure to overcome the 
increase in intracerebral pressure. Unfortunately, the 
increase in intracranial pressure is compounded by the 
cerebral edema that occurs at and after the initial insult. 


An urgent surgical procedure was performed. 


Burr holes were placed around the region of the 
hematoma and it was evacuated. The small branch of 
the middle meningeal artery was ligated and the patient 
spent a few days on the intensive care unit. Fortunately 
the patient made an uneventful recovery. 
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Case 4 


STENOSIS OF THE INTERNAL CAROTID ARTERY 


A 60-year-old woman was brought to the 
emergency department with acute right-sided 
weakness, predominantly in the upper limb, which 
lasted for 24 hours. She made an uneventful 
recovery, but was extremely concerned about the 
nature of her illness and went to see her local 
doctor. 


A diagnosis of a transient ischemic attack (TIA) was 
made. 


A TIA is a neurological deficit resolving within 24 hours. It 
is a type of stroke. 


Neurological deficit may be permanent or transient. Most 
transient events resolve within 21 days; any failure of 
resolution beyond 21 days is an established stroke. 


An investigation into the cause of the TIA was 
undertaken. 


Eighty-five percent of all strokes result from cerebral 
infarction, of which most are due to embolization. 


A duplex Doppler scan of the carotid vessels was 
performed. 


The majority of emboli originate from plaques that 
develop at and around the carotid bifurcation. Emboli 
consist of platelet aggregates, cholesterol, and 
atheromatous debris. Emboli may also arise from the 
heart secondary to cardiac tumors or myocardial 
infarction. 


The lesion in the brain was on the left side. 


The motor cortex for the whole of the right side of the 
body is represented in the left motor strip of the brain, 
which sits on the precentral gyrus. 


The duplex Doppler ultrasound scan demonstrated a 
significant narrowing (stenosis) of the left internal 
carotid artery with evidence of plaque formation and 
abnormal flow in this region. The narrowing was 
approximately 90%. 


Treatment required an operation. 


A carotid endarterectomy (removal of the stenosis and 
the atheromatous plaque) was planned. This 
procedure is indicated in the presence of an ulcerating 
plaque with stenosis. The procedure was carried out 
under general anesthetic and a curvilinear incision was 
placed in the left side of the neck. The common 
carotid, external carotid, and internal carotid arteries 
were displayed. All vessels were clamped and a shunt 
was placed from the common carotid artery into the 
internal carotid artery to maintain cerebral blood flow 
during the procedure. The internal carotid artery was 
opened and the plaque excised. 


After the procedure the patient did extremely well and 
suffered no further cerebral events. However, a new 
medical student examined the patient the following 
day and demonstrated a number of interesting 
findings. These included altered skin sensation inferior 
to the left mandible, altered sensation on the left side 
of the soft palate, an paralyzed left vocal cord, inability 
to shrug the left shoulder, and a tongue that deviated 
to the left. 


The etiology of these injuries was due to localized 
nerve trauma. 


This constellation of neurological deficits can be 
accounted for by trauma to the nerves that are close to 
the carotid bifurcation. The changes in skin sensation can 
be accounted for by a neurapraxia due to damage to 
branches of the narrower cervical nerve. The alteration in 
sensation in the soft palate is due to neurapraxia of the 
glossopharyngeal nerve [IX]. The paralyzed left cord 
results from neurapraxia of the recurrent laryngeal nerve, 
while the inability to shrug the shoulder is due to 
neurapraxia of the accessory nerve [XI]. Deviation of the 
tongue can be accounted for by damage to the 
hypoglossal nerve [XII]. 


Most of these changes are transient and are usually due 
to traction injuries during the surgical procedure. 


Case 5 


POSTERIOR COMMUNICATING ARTERY ANEURYSM 


A 33-year-old fit and well woman came to the 
emergency department complaining of double 
vision and pain behind her right eye. She had no 
other symptoms. On examination of the right eye 
the pupil was dilated. There was a mild ptosis. 
Testing of eye movement revealed that the eye 
turned down and out and the pupillary reflex was 
not present. 


These findings revealed that the patient has an 
ipsilateral third nerve palsy (palsy of the oculomotor 
nerve [III]). 


The oculomotor nerve [III] is the main motor nerve to the 
ocular and extra-ocular muscles. It arises from the 
midbrain and pierces the dura mater to run in the lateral 
wall of the cavernous sinus. The oculomotor nerve [III] 
leaves the cranial cavity and enters the orbit through the 
superior orbital fissure. Within this fissure it divides into 
its superior and inferior divisions. 


The site of the nerve lesion needs to be assessed. 


Third nerve palsy may involve the nucleus of the 
oculomotor nerve [III], which typically spares the pupil 
and is painless. The pupillary reflexes are supplied from 
the autonomic fibers of the Edinger-Westphal nucleus, 
which pass through the ciliary ganglion. 
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The lesion cannot be a primary oculomotor nerve [III] 
nuclear injury. 


As both the pupillary reflexes and vision are affected, the 
lesion is likely to be along the course of the oculomotor 
nerve [III]. Medical conditions such as diabetes mellitus 
and vascular disease may produce an isolated 
oculomotor nerve [III] injury, but they are not associated 
with pain. 


The lesion was caused by an aneurysm. 


One of the commonest causes of a third nerve palsy is 
pressure on the nerve from a posterior communicating 
artery aneurysm, which lies parallel to the nerve on the 
anterior aspect of the brainstem. As the aneurysm abuts 
the outside of the oculomotor nerve [III], it involves the 
parasympathetic fibers, which lead to a predominance of 
the loss of pupillary function over general function. 


The aneurysm was imaged with an angiogram. 


The patient initially underwent CT and MRI scanning. 
Currently, the definitive test for assessment of aneurysms 
arising from the circle of Willis and its branches is a 
digital subtraction angiogram. The angiogram 
demonstrated the posterior communicating artery 
aneurysm. The patient underwent surgery and made an 
excellent recovery. 





1075 





1076 


Head and neck 


Case 6 


RECURRENT EPISTAXIS 


A 10-year-old boy was brought to an ENT surgeon 
(ear, nose, and throat surgeon) with epistaxis (nose 
bleeding). The bleeding was associated with his 
nose picking habit. However, the bleeding was 
profuse and on two occasions required hospital 
admission and nasal packing. 


On inspection an indurated area was noted. 


The typical findings are an indurated area in the anterior 
inferior aspect of the nasal septum (Kiesselbach’s area). 
This is a very vascular area that has a considerable 
number of veins, which are often traumatized during 
nose picking. 


The patient underwent treatment. 


Typical treatment is cauterization of these prominent 
veins in Kiesselbach’s area, which is usually performed by 
a simple local analgesia and the application of silver 
nitrate. 


Unfortunately, the boy was involved in a fight the next 
day and again developed severe epistaxis, which again 
was difficult to control. 


Not only is there a rich venous plexus around 
Kiesselbach’s area, but there is also a significant arterial 
supply, which is provided from the nasal septal branches 
of the posterior and anterior ethmoidal arteries and the 
branches of the greater palatine artery. These are 
supplemented from the septal branches of the superior 
labial artery. 


In most cases treatment is conservative. 


Conservative treatment usually involves packing the 
nasal cavity until bleeding has stopped and correcting 
any bleeding abnormality. In patients with bleeding 
refractory to medical treatment a series of maneuvers 
have been employed, including ligating the anterior and 
posterior ethmoidal arteries through a medial incision in 
the canthus orbit. Even more drastic measures have 
included ligation of the internal carotid artery. 
Unfortunately, many of these procedures fail because of 
the rich and diverse blood supply to the nasal cavity. 
Blood arises not only from branches of the internal 
carotid artery, but also from the external carotid artery, 
and by simply ligating one or the other of these branches 
blood flow may not be stemmed. 


Determination of the specific site of bleeding can be 
achieved radiologically. 


By placing a catheter from the femoral artery through the 
aorta and into the carotid circulation the sphenopalatine 
artery can be easily cannulated from the maxillary 
branch of the external carotid artery. Bleeding can 
usually be demonstrated and the vessel can be embolized 
using small particles. 


Fortunately in this young boy's case, bleeding stopped 
after further medical management and he remained 
asymptomatic. 


Case 7 


COMPLICATION OF ORBITAL FRACTURE 


A 35-year-old man was involved in a fight and 
sustained a punch to the right orbit. He came to 
the emergency department with double vision. 


The double vision was only in one plane. 


Examination of the orbits revealed that when the patient 
was asked to look upward the right eye was unable to 
rotate superiorly. There was some limitation in general 
eye movement. Specifically, assessment of the lateral 
rectus muscle (abducent nerve [VI]), superior oblique 
muscle (trochlear nerve [IV]), and the rest of the eye 
muscles (oculomotor nerve [III]) was otherwise 
unremarkable. 


The patient underwent a CT scan. 


A CT scan of the facial bones demonstrated a fracture 
through the floor of the orbit (Fig. 8.282). 


A careful review of this CT scan demonstrated that the 
inferior oblique muscle had been pulled inferiorly with 
the fragment of bone in the fracture. This produced a 
tethering effect, so when the patient was asked to gaze in 
the upward direction the left eye did, but the right eye 
was unable to because of the tethered inferior oblique 
muscle. 


The patient underwent surgical exploration to elevate 
the small bony fragment and return the inferior 
oblique to its appropriate position. On follow-up the 
patient had no complications. 
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Orbit Cranial cavity 


Right Left 
Fracture and inferior rectus muscle 


Fig. 8.282 Coronal CT scan demonstrating an orbital blow- 
out fracture. 
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Case 8 


BRAINSTEM TUMOR 


A 30-year-old man came to the emergency 
department with increasing headaches, which were 
worse in the morning. He also complained of some 
blurring of vision and a nonspecific alteration in his 
overall motor abilities. 


Examination of the patient by a medical student did 
not reveal any significant motor or sensory 
abnormality. The student was diligent and examined 
all cranial nerves. 


Ophthalmoscopy revealed marked bulging of the 
peripheral margins of the optic nerve and the 
appearance of vessels hooking over the edge of this 
bulging periphery. 


A diagnosis of raised intracranial pressure was made 
and a CT scan was performed. 


The CT scan demonstrated dilated lateral and third 
ventricles, and a normal fourth ventricle. 


A diagnosis of hydrocephalus was made, and given the 
absence of dilatation of the fourth ventricle a blockage 
was suspected at the level of the aqueduct 
(noncommunicating hydrocephalus). 


An MRI scan was obtained. 


An MRI scan with intravenous contrast demonstrated a 
small mass in the midbrain at and around the region of 
the aqueduct. 


A brainstem tumor was diagnosed and the patient 
underwent treatment. 


The medical student's findings and the site of the 
tumor do not “add up.” 


In the presence of hydrocephalus the ventricles dilate in 
series from the lateral ventricles onward. If this 
obstruction is in the region of the foramen of Monro, only 
the lateral ventricles are dilated. If the obstruction is in 
the region of the aqueduct, the lateral and third 
ventricles are dilated. It is unusual for the lateral and 
median foramina of the fourth ventricle to be obstructed 
and usually the next point of obstruction is in the region 
of the arachnoid granulations, secondary to blood and 
pertinacious fluid blocking the resorption of cerebrospinal 
fluid. In these cases the cerebrospinal fluid pressure 
around the brain is typically elevated, producing the 
changes around the optic nerve described and 
demonstrated at ophthalmoscopy. 


An ophthalmologist examined the eye. 


The eye was actually normal and it was an unfortunate 
misdiagnosis (though a good learning exercise) by the 
medical student. Importantly, the patient’s tumor was 
diagnosed and treatment was instituted. 
Ophthalmoscopy is a difficult skill to acquire and takes 
many hours of practice. 


Case 9 


PITUITARY MACROADENOMA 


A 30-year-old woman came to her doctor with a 
history of amenorrhea (absence of menses) and 
galactorrhea (the production of breast milk). She 
was not pregnant and appeared otherwise fit and 
well. 


Serum prolactin was measured. 


Prolactin is a hormone produced by the pituitary gland 
and necessary for the production of breast milk 
postpartum. This hormone was markedly elevated. 


Further clinical tests demonstrated visual field defects. 


The patient went to see an optometrist who performed a 
visual field assessment and demonstrated a reduction in 
the lateral aspects of the normal visual fields. This was 
bilateral and symmetrical—a bilateral temporal 
hemianopia. 


The visual pathways have now determined the site of 
the lesion. 


Visual information from the temporal fields is projected 
onto the medial aspect of the retina bilaterally. The visual 
information from the medial aspects of the retina is 
carried in fibers that cross the midline through the optic 
chiasm to the opposite side. 


The lesion is in the area of the optic chiasm. 


Any disruption of the optic chiasm produces the field 
defect of bitemporal hemianopia. Tumors of the optic 
chiasm are unusual, though gliomas do occur. More 
frequently, compression of the optic chiasm by tumors in 
the vicinity is the usual cause for bitemporal hemianopia. 


A pituitary tumor was diagnosed. 


The optic chiasm is anterior and extremely close to the 
pituitary gland. Given that the patient is producing 
excessive amounts of prolactin (a pituitary tumor) and 
there is loss of the function of the chiasm, the most likely 
clinical explanation is an exophytic pituitary tumor 
compressing the optic chiasm. 


An MRI scan was performed and demonstrated a large 
tumor (macroadenoma) of the pituitary gland. 
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Drug treatment was commenced and the tumor shrank. 
The endocrinological effects of the prolactin secretion 
also stopped. 


Follow-up scans were performed. 


Over the ensuing few years the tumor shrank. 
Unfortunately, the patient again began to secrete 
prolactin and surgery was performed (Fig. 8.283). 


A transsphenoidal approach was undertaken. 


With meticulous accuracy a series of very fine instruments 
was passed through the nasal cavity into the sphenoid 
bone. The bone was drilled and via this approach the 
pituitary gland was removed. 


Extreme care must be taken because on both sides of the 
pituitary gland is the cavernous sinus through which the 
internal carotid artery, oculomotor nerve [III], trochlear 
nerve [IV], trigeminal nerve [V], and abducent nerve [VI] 
pass. 


Lateral ventricle 


Internal carotid artery 





Pituitary gland Optic chiasm 


Fig. 8.283 Coronal MRI showing pituitary macroadenoma. 
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abdominal, 298f, 301f, 327 
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in diaphragm, 157f 
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in kidney vasculature, 360f 
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Aorta (Continued) 
posterior branches, 368 
stent graft in, 369b 
visceral branches, 367-368 
arch of, 133f-134f, 167f, 171f, 179f, 
181f, 186f, 209-210 
anomalies, 211b 
ascending, 33f, 171f, 204 
in heart, 181f 
in pericardial vasculature, 179f 
in serous pericardium, 179f 
branches, 209-210 
bronchial branches, 219t 
coarctation of, 210b, 238b 
dissection of, 210b, 239b-240b 
esophageal branches of, 219t 
esophageal constriction and, 217f 
in gastrointestinal vasculature, 263f 
in inguinal region, 260f 
in intercostal space, 148f-149f 
mediastinal branches, 219t 
nerves, 47f 
in pelvic cavity, 412f 
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in posterior abdomen, 348f, 351f 
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thoracic, 33f, 171f, 185f 
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dissecting aneurysm in, 
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in pericardial vasculature, 179f 
trauma, 210b 
Aortic arch, 167f, 171f, 179f, 181f, 186f, 
209-210 
anomalies, 211b 
Aortic hiatus, 127f, 157f 
Aortic nodes, 154, 154f 
lateral, 372-373, 372f, 478f, 496, 
496f 
Aorticorenal ganglion, 344f, 375f, 
377f 
Aortic plexus, 344f, 345, 375, 375f 
Aortic sinuses, 191, 191f, 193f 
Aortic valve, 191, 191f 
auscultation point for, 229f 
fibrous ring of, 192f 
Aortic valve disease, 191b 
Aortic vestibule, 190 
Aortopulmonary window, 214b 
Apical nodes, 709, 710f 
Apical segment, of lung, 169f 
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873f 
Appendicitis, 53b, 310b, 508b 
Appendicular artery, 310f, 333, 334f 
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Appendicular vessels, 308-309 
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pelvic, 309f 
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retrocecal, 309f 
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Aqueous humor, 898-899 
Arachnoid granulations, 833f, 834 
Arachnoid mater, 35, 35f, 62, 62f, 63f, 
104-105, 105f, 830f, 833, 833f 
Arachnoid trabeculae, 105 
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Arcuate artery, 623 
Arcuate eminence, 825f, 826 


Arcuate ligament, 352 
lateral, 253, 253f 
medial, 253, 253f, 352 
median, 156, 253, 253f 
in posterior abdomen, 351f 
Arcuate line, 277, 423, 424f 
Areola, 137, 138f 
Arms, 710-723, 711f. See also Forearm; 
Upper limbs 
arteries, 217, 717-720, 718f-719f, 
742-743, 742f 
bones, 712-715, 712f 
median nerve injury in, 724b 
muscles, 231f, 715-717, 716t, 737t, 
738f, 740f, 745-750, 745t, 746f 


nerves, 218-220, 232f, 720-723, 722f, 


743-744, 744f 
radial nerve injury, 724b 
veins, 217, 717-720, 721f 
Arterial arcades, 302f 
Arterial circle, 837 
Arteria radicularis magna, 103-104 
Arteria rectae, 312f 
Arteries, 29. See also individual arteries 
abdominal esophagus, 298, 298f 
abdominal wall, 280-282, 281f 
of Adamkiewicz, 102f-103f, 103-104, 
120 
anal canal, 312f 
appendix, 310, 310f 
arm, 217, 717-720, 718f-719f, 742- 
743, 742f 
in atherosclerosis, 29b 
brain, 837, 837f-838f 
breast, 137 
cecum, 310, 310f 
classes of, 29 
colon, 312f 
coronary, 193f, 194, 195f, 205f 
diaphragm, 157-158, 353 
duodenal, 301f 
dura mater, 832 
ear, 909, 911, 917 
esophagus, 216 
eyeball, 899 
eyelids, 881, 883f 
face, 869-871, 870f 
foot, 622-624, 623f 
forearm, 217 
gallbladder, 319f 
gluteal, 554, 555f 
hand, 767-770 
ileum, 303f 
jejunum, 244 
kidney, 359, 359f, 360f 
knee, 582f 
lacrimal gland, 884 
large, 29 
larynx, 1010, 1010f 
leg, 593-594, 593f, 596, 598-599 
liver, 319f 
lower limb, 540-542, 541f, 569-571 
lungs, 163 
medium muscular, 29 
nasal cavity, 1016, 1026-1027, 1026f 
neck, 958-961, 959f, 960t, 966-967, 
966f, 970-973, 976-978, 977f 
orbit, 892-893, 892f 
palate, 1052-1053, 1052f 
pancreas, 322, 322f, 331f 
parotid region, 1046 
pelvic, 471-477 
perineum, 492-494, 493f 
pharynx, 994, 994f 
rectum, 312f 
scalp, 876-877, 876f 
scapular, 682-684, 683f 
small, 29 
spinal cord, 102-104, 102f-103f 
spleen, 324f 


Arteries (Continued) 
stomach, 298f, 299-300 
suprarenal glands, 365, 365f 
teeth, 1057-1058, 1057f 
thigh, 569-571 
thoracic wall, 132-134, 133f-134f, 
151-153, 152f 
tongue, 1041-1042, 1042f 
upper limb, trauma to, 699b 
Arterioles, 29 
Arteriovenous fistula, 698 
Arthritis, in elbow, 729b 
Arthroscopy, 24b-25b, 583 
Articular cavity, 21f 
Articular disc, 20-21, 21f, 923, 931f 
Articularis genus, 562, 563f 
Articular process 
inferior, 71f 
superior, 71f, 126f 
in thoracic vertebrae, 141, 141f 
in vertebra, 60f, 71 
Articular tubercle, 820f, 920f, 921f, 
923f 
Aryepiglottic fold, 829f, 1003 
Arytenoid 
oblique, 1006f, 1006t, 1007, 1007f 
transverse, 1006f, 1006t, 1007 
Arytenoid cartilage, 998f, 999, 1000f, 
1002f 
Asbestosis, 174b 
Ascending aorta, 33f, 171f, 204 
in heart, 181f 
in pericardial vasculature, 179f 
in serous pericardium, 179f 
Ascending colon, 307, 307f, 308f, 
311f 
arteries, 312f 
Asterion, 815f 
Atherosclerosis, 29b 
in thoracic aorta, 210b 
Atlanto-axial joint, 72 
Atlanto-occipital joint, 72, 802f 
Atlas. See Cl vertebra 
Atrial septal defect, 197b 
Atrioventricular bundle, 192f, 200, 
201f 
Atrioventricular node, 200, 201f 
Atrioventricular orifice 
left, 190 
right, 186, 193f 
Atrioventricular ring 
left, 192f 
right, 192f 
Atrioventricular valve 
left, 191 
right, 187-188 
Atrium 
left, 181f, 185f, 189-190, 189f 
proper, 186-187 
right, 132, 132f, 181f, 183f, 185f, 186- 
187, 186f 
Atrophy, muscle, 28b 
Auditory ossicles, 910-911, 910f 
Auditory tube, 821 
Auricle (aural), 902f, 903-904, 903f 
Auricle (cardiac) 
left, 188f, 189f 
right, 186-187, 186f, 188f 
Auricular artery 
deep, 939 
posterior, 863f, 870f, 876, 876f, 959f, 
960t, 961 
Auricular muscles, 862, 862f 
anterior, 856t-857t, 858f 
posterior, 856t-857t, 858f 
Auricular nerve, great, 875, 875f, 903f, 
973f, 974f, 975 
Auricular nodes, posterior, 983-984 
Auricular vein, posterior, 870f, 876f, 
877, 939f, 951f, 952, 971f 


Auriculotemporal nerve, 864, 866f, 
867f, 875f, 903f, 933-934, 933f- 
934f, 936f-937f, 1046f 

Auscultation points, 229f 

Avascular necrosis, 18b 

Avascular necrosis, scaphoid, fracture 
of, 756b 

Axial plane, 5f, 6 

Axial skeleton, 14, 14f 

Axilla, 684-710, 684f-685f 

anterior wall, 686-688, 778f 

contents, 693-710, 778f 

floor, 693, 693f 

lateral wall, 690, 778f 

location of structures in, 777 

lymphatics, 709 

medial wall, 688-689, 689f, 778f 

muscles, 686t, 688t, 694f 

nerves, 700-709, 700f 

posterior wall, 691-692, 691f, 
778f 

visualization of, 777, 778f 

Axillary artery, 681f, 683f, 695-697, 
695f, 704f, 718f-719f, 972 

branches, 696f 

Axillary inlet, 129f, 130, 685, 811f 

Axillary lymph nodes, 131f 

Axillary nerve, 523f, 677f, 682, 702t- 
703t, 708f, 709 

Axillary nodes, 32f, 138, 154, 154f, 709, 
710f 

abdominal wall lymphatics and, 
282 

apical, 138f 

central, 138f 

lateral, 138f 

pectoral, 138f 

Axillary process, 131f, 138f, 226f, 709- 
710, 710f, 711f 

Axillary pulse, 784, 785f 

Axillary region, 130 

Axillary sheath, 693f, 949 

Axillary skin folds, 693f, 778f 

Axillary vein, 523f, 697, 698f, 978 

Axis. See Cll vertebra 

Azygos system, 218-220, 219f 

Azygos vein, 132f, 153, 153f, 158, 218- 
220, 221f 

in mediastinum, 207f, 212f 
pulmonary veins and, 170 
tributaries, 338f 


B 
Baby teeth, 1056f, 1057 
Back 
arms and, 65 
bones of, 58-60, 59f 
cervical region of, 64f 
clinical cases, 118-121 
curvatures in sagittal plane, 
112 
dermatomes, 66f 
extension of, 58f 
female, 112f 
flexion of, 58f 
functions of, 57-58 
general description, 56 
head and, 64, 64f 
joints, 79-80 
key features, 65-66 
ligaments in, 82-84 
limbs and, 65 
lower limbs and, 65 
lumbar region of, 64f 
male, 112f 
movement functions of, 57, 58f 
muscles of, 60, 61f, 86-100 
deep, 93-99, 94f, 95f, 96f, 98f, 
100f 
extrinsic, 57, 60 


Back (Continued) 
identifying, 116 
injuries, 101b 
intermediate, 92 
intrinsic, 57, 60 
superficial, 86-91, 87f, 88f, 
90t 
injuries, 101b 
nerves, 66 
normal appearance of, 112f 
pain, 81b, 111b, 118b 
pelvis and, 64f, 65 
regional anatomy, 67-110 
rotation of, 58f 
sacral region of, 64f 
skeletal framework of, 56f, 67-75 
skeletal landmarks in, 112-114, 
113f 
spinal nerves in, 63, 63f, 66 
support function of, 57 
surface anatomy of, 112-116 
surgery, 86b 
thoracic region of, 64f 
thoracolumbar fascia in, 94 
thorax and, 64f, 65 
upper limbs and, 658 
vertebrae in, 67-75 
Balance, 916 
Ball and socket joints, 21, 22f 
Bare area, of liver, 317 
Bariatric surgery, 347b 
Barium sulfate suspension, 7-8, 8f 
Bartholin’s glands. See Vestibular gland, 
greater 
Basal segment, of lung, 169f 
Basilar artery, 837, 837f-838f 
Basilar membrane, 916f, 917 
Basilar sinus, 842f, 843t 
Basilic vein, 523f, 698f, 721f, 730f, 757f, 
780f 
Bell's palsy, 872b 
Benign prostatic hypertrophy, 452 
Biceps brachii, 672f, 693t, 694, 694f, 
715-716, 715f, 716t, 735 
Biceps brachii tendon, 670f, 671f, 694f, 
730f, 780f 
rupture, 716b 
Biceps femoris, 568, 568f, 568t 
Bicipital aponeurosis, 694f, 715f, 716, 
729, 730f 
Bicipital groove, 668 
Bicondylar joints, 21 
Bifurcate ligament, 609f 
Bile duct(s), 323 
in liver, 318f 
in peritoneal cavity, 293f 
system, 323 
Bilirubin, 326 
Biopsy 
bone marrow, 424b 
liver, 392b-393b 
Bladder, 441-442, 442f 
apex of, 441 
base of, 441, 442f 
cancer, 444b 
infection, 446b 
inferolateral surfaces, 441, 442f 
neck of, 441f, 442 
in pelvis, 406, 407f, 441f 
in posterior abdomen, 348f 
stones, 443b 
superior surface, 442f 
trigone of, 441, 442f 
Blood pressure measurement, 
720b 
Blood tests, in myocardial infarction, 
237 
Blood vessel types, 29 
Blood vessel walls, 29 
Body systems, 14-52 


Boerhaave, Herman, 217b 
Bone(s), 15-20. See also Skeleton; 
individual bones 
in abdominal wall, posterior, 349- 
353, 349f 
age and, 16b 
in arm, 712-715, 712f 
in avascular necrosis, 18b 
of back, 58-60, 59f 
compact, 15 
development of, 15, 16b 
epiphyseal fractures and, 20b 
flat, 15 
in foot, 518, 518f, 600-605, 601f 
in forearm, 732-734 
fractures of, 18b 
functions of, 15 
of hand, 752-754, 753f-754f 
irregular, 15 
in leg, 586-587 
long, 15 
in lower limbs, 517-518, 517f, 
555-560 
nerves related to, 525, 525f 
in nasal cavity, 1016-1018 
nerves, 15 
in oral cavity, 1031-1034 
in osteoporosis, 19b 
in pelvis, 421-426, 422f 
sesamoid, 15 
shapes of, 15 
short, 15 
in shoulder, 525f, 526-527 
of skull, 800f-801f 
spongy, 15 
types of, 15 
in upper limbs, 654-655, 654f 
nerves related to, 523f, 663 
vasculature of, 15 
Bone cement, in vertebroplasty, 77 
Bone marrow 
biopsy, 424b 
diseases of, 17 
function of, 17 
sternal, collection of, 147b 
transplantation, 17b 
Bony labyrinth, 913, 914-915, 914f 
Bony orbit, 878-879, 878f 
Bony pelvis, 526-528, 526f 
Bowel lumen examination, 304 
Bowel obstruction, 314b 
Brachial artery, 683f, 717, 718f-719f, 
729, 742f, 780f 
locating, 779, 779f 
Brachial cutaneous nerve, medial, 706 
Brachialis, 715f, 716, 716t, 730f 
Brachial plexus, 51f, 660f, 700-709, 
700f, 808f, 975, 980f 
branches, 701-709, 702t-703t, 
704f 
cords of, 701 
divisions, 701 
injuries, 709b 
lateral cord branches, 706, 707f 
medial cord branches, 706-707, 
707f 
nerve block, 787b 
posterior cord branches, 708-709, 
708f 
roots, 701 
branches of, 701-704 
trunks, 700f, 701 
branches, 705-706, 705f 
Brachial pulse, 784, 785f 
Brachial veins, 698f, 720, 721f 
Brachiocephalic artery, 837f-838f 
Brachiocephalic nodes, 154, 154f, 173f, 
200 
Brachiocephalic trunk, 205f, 209-210, 
209f, 212f 


Brachiocephalic vein, 132, 132f, 153, 
206-207, 961, 979f 
in diaphragm, 158 
left, 153f, 165f, 167f, 205f, 206-207, 
208f, 221f, 958f 
in mediastinum, 207f, 212f 
right, 153f, 165f, 205f, 206-207, 958f 
in mediastinum, 207f, 212f 
in portocath placement, 243 
Brachioradialis, 730f, 745, 745t, 746f 
Brain, 34, 835-837, 836f 
aneurysms, 840f, 840b-841b, 841f 
arterial supply, 837, 837f-838f 
frontal lobe, 836f 
hemorrhage, 845f, 845b-846b, 846f 
nerves, 848-854, 848t-849t, 850f, 
851f 
occipital lobe, 836f 
parietal lobe, 836f 
temporal lobe, 836f 
tumors, 835b 
veins, 842-844, 842f, 843t 
Brainstem, 34 
Brainstem tumor, 1078b 
Breast(s), 138f, 226f 
arterial supply, 137 
axillary process of, 711f 
cancer, 139b, 711b 
innervation, 137 
lymphatic drainage in, 138 
in men, 138 
in pectoral regional anatomy, 
137-138 
surface anatomy, in women, 225-226 
suspensory ligaments of, 137 
thorax and, 130, 131f 
venous drainage, 137 
Breathing 
abdomen in, 249, 249f 
cervical trauma and, 118b 
costodiaphragmatic recesses in, 162 
diaphragm in, 158-159, 158f 
with food/liquid in oral cavity, 
809f-81 Of 
forced, 1008f 
intra-abdominal pressure in, 249, 249f 
larynx in, 1008-1009, 1008f 
movements in, 158-159, 158f 
in newborn, 809f-81 Of 
quiet, 1008f 
thoracic wall in, 158-159, 158f 
thorax and, 125 
Bregma, 818, 818f, 822f 
Broad ligament, 454f, 460-462, 
461f-462f 
Broken pacemaker, 238b 
Bronchial arteries, 170 
left, 170 
from aorta, 218f 
right, 170, 171f 
from aorta, 218f 
superior left, 170, 171f 
upper left, 170 
Bronchial tree, 168-169, 168f 
Bronchial veins, 170 
Bronchomediastinal trunk, 32f, 154, 
154f, 982f 
left, 172, 173f, 372t, 982 
right, 172, 173f, 372t, 982 
Bronchopulmonary segments, 168f, 
169, 169f 
Bronchoscopy, 174b 
Bronchus (bronchi) 
in bronchial tree, 168f 
esophageal constriction and, 217f 
left main, 168b, 168f 
lobar, 168b, 168f 
right main, 168f, 168b, 171f 
segmental, 168b, 168f 
Buccal artery, 870f, 871, 938f 


Index 


Buccal nerve, 863f, 866f, 867f, 932f, 933, 
1060f 
Buccinator, 856t-857t, 858f, 860f, 861, 
861f, 863f, 991f, 1034-1035, 1034f, 
1049f 
Buccopharyngeal fascia, 990 
Bulbospongiosus, 485-486, 485t, 486f 
Bulbourethral duct, 445f-446f 
Bulbourethral glands, 445f-446f, 452, 
484f 
Bullet wound, in chest, 234b-235b 
Bunions, 611 
Bursae 
in joints, 21f 
suprapatellar, 563f 


C 
Calcaneal articular facet, posterior, 602 
Calcaneal nerve, medial, 594, 595 
Calcaneal sulcus, 603f, 604 
Calcaneal tendon, 590f, 634f 
rupture, 644b, 644f 
Calcaneal tubercle, 603 
Calcaneal tuberosity, 603, 603f 
Calcaneocuboid joint, 610 
Calcaneocuboid ligament, plantar, 610 
Calcaneofibular ligament, 607, 607f 
Calcaneonavicular ligament, plantar, 
607f, 609f, 610, 614f 
Calcaneus, 518f, 601, 601f, 603-604, 603f 
Calculi, 361b, 443b 
Calva, 818 
Calvaria, 812, 818f 
lateral portion, 814-816 
Calyx 
major, 358f 
minor, 358f 
Camper's fascia, 270, 271f, 278f 
Cancer 
adenocarcinoma, 303 
bladder, 444b 
brain, 835b, 1078b 
breast, 139b, 711b 
cervical, 457b 
colon, 396b-398b, 401b-403b, 441b 
en cuirasse, 139b 
esophageal, 217b, 241b-242b, 305f 
greater omentum and, 296b 
Hodgkin's lymphoma, 393b-394b 
liver, metastasis to, 403b 
lung, 175b, 214b, 234b 
lymph node, 373, 393b-394b 
ovarian, 455b 
pancreatic, 398b-399b 
peritoneal cavity and, 294, 294f 
prostate, 451b-452b 
of rectum, 441b 
renal cell, 399b 
sacral tumor, 121b 
skin, 403b 
stomach, 306b 
testicular, 448b 
urinary tract, 361b-362b, 362f 
vertebrae, metastasis to, 79b 
Canines, 1056f, 1057 
Capillaries, 29 
lymphatic, 31f 
Capitate, 752, 753f-754f 
Capitulum, 712 
Carcinoma 
of cervix, 457b 
of colon, 441b 
of pancreas, 398b-399b 
of rectum, 441b 
renal cell, 399b 
of stomach, 306b 
transitional cell, 362, 362f 
of uterus, 457b 
Cardia, of stomach, 298 
Cardiac auscultation, 197b 


1083 


1084 


Index 


Cardiac branches (sympathetic), 51f 
Cardiac chambers, 185-191, 185f 
Cardiac conduction system, 200, 201f 
Cardiac innervation, 200-203, 202f 
Cardiac muscle, 27, 200 
Cardiac nerves 
cervical, 172f 
inferior, 981 
middle, 981, 981f 
superior, 981, 981f 
sympathetic, 46f 
Cardiac orientation, 180-183 
Cardiac pacemaker, 238b 
Cardiac plexus, 46f, 51f, 202, 202f 
deep, 202 
superficial, 202 
Cardiac skeleton, 192, 192f 
Cardiac vein(s), 198, 199f 
anterior, 198, 199f 
great, 181f, 198, 199f 
in heart, 181f 
marginal, 199f 
middle, 182f, 198, 199f 
posterior, 198, 199f 
small, 181f, 198, 199f 
Cardial notch, of stomach, 299, 299f 
Cardinal ligament, 458 
Cardiovascular system, 29 
Caroticotympanic nerves, 912, 912f 
Carotid arteries 
atherosclerosis in, 29b 
common, 806, 958-959, 958f, 959f, 
972f, 994f 
left, 205f, 209f, 210, 837f-838f, 
958, 958f, 977f 
in mediastinum, 207f 
right, 221f, 683f, 837f-838f, 958, 
958f 
in superior thoracic aperture, 127f 
external, 832f, 863f, 864, 870f, 876f, 
958, 959f, 960-961, 960f, 960t, 
994f 
branches, 876-877 
internal, 837, 958, 959, 959f, 960f, 
994f, 1010f 
left, 837f-838f 
right, 837f-838f 
stenosis of, 1074b 
left, 33f 
stenosis, 1074b 
Carotid body, 959 
Carotid canal, 812t, 820f, 821, 825f, 
986f, 1032f-1033f 
Carotid nerve, internal, 945 
Carotid pulse, 1070, 1070f 
Carotid sheath, 950 
Carotid sinus, 959, 959f 
Carotid system, 958-961, 959f 
Carotid triangle, 954, 954f, 960f, 968t 
Carpal arch, dorsal, 752, 753f-754f 
Carpal artery, 769f 
Carpal bones, 654f, 752, 753f-754f 
articular surfaces, 752 
distal row, 752 
proximal, 752 
Carpal joints, 755 
Carpal tunnel, 756-758, 757f 
Carpal tunnel syndrome, 758b, 788b 
Carpometacarpal joint, 755 
Cartilage, 14-15 
elastic, 14 
fibrocartilage, 14 
functions of, 14 
hyaline, 14, 20 
in joint disease, 24b-25b 
in joints, 20 
types, 14 
Cartilaginous joints, 22, 23f 
Cataracts, 899b 


Catheterization 
femoral artery, 547b 
suprapubic, 443b 
urethral, 447b 
Cauda equina, 106f, 109f 
Caudal, as anatomical direction, 6 
Caudate lobe, of liver, 318, 318f 
Caval obstruction, 399b 
Cavernous nerves, 469f-470f, 471 
Cavernous sinus, 842f, 843t, 844, 844f, 
871f 
Cecal artery, 333 
anterior, 310f, 334f 
posterior, 310f, 334f 
Cecum, 302f, 307f, 308-310, 309f 
arteries, 310, 310f 
development of, 257f 
in ileocecal junction, 302f 
Celiac artery, 262, 330f 
Celiac ganglion, 344f, 374f, 375f, 377f 
Celiac nodes, 341, 341f, 372f 
Celiac plexus, 344f, 345, 375, 375f 
Celiac trunk, 263f, 322f, 327, 328f, 329- 
331, 330f, 331f, 332f, 3671, 368t 
lymphatic drainage of, 341 
Central lines, 208b 
Central nervous system, 34-35, 34f 
functional subdivisions of, 35-51 
somatic part of, 35-40, 36f 
visceral part of, 35 
Central nodes, 709, 710f 
Central tendon of diaphragm, 127f, 
130, 157f, 177, 351f 
Central venous access, 953b, 953f 
Cephalic vein, 523f, 663, 697, 698f, 721f, 
730f, 757f, 778f, 780f, 781f 
Cerebellar artery 
anterior inferior, 837, 837f-838f 
posterior inferior, 837, 837f-838f 
superior, 837, 838f 
Cerebellum, 34, 836f 
Cerebral arterial circle, 837 
Cerebral arteries, 35f, 833f 
anterior, 837, 837f-838f 
middle, 837, 837f-838f 
posterior, 837, 837f-838f 
Cerebral cortex, 35f 
Cerebral hemispheres, 836f 
Cerebral infarct, 839b, 839f 
Cerebral vein, 833f 
Cerebral vein, great, 842f 
Cerebrospinal fluid, in hydrocephalus, 
834b 
Cerebrum, 835 
Cerumen, 904 
Cervical artery 
ascending, 102f-103f, 977f 
in levator scapulae vasculature, 90 
deep, 102f-103f, 977f, 978 
in deep back muscle vasculature, 
93 
transverse, 683f, 972-973, 977, 977f 
in deep back muscle vasculature, 
93 
deep branch, 683f 
in levator scapulae vasculature, 
90 
in rhomboid vasculature, 92f 
in trapezius muscle vasculature, 
89, 89f 
Cervical curvature, 57f, 113f 
Cervical enlargement, 101, 101f, 109f 
Cervical fascia, 94 
Cervical ganglia, 343f, 700f, 981, 981f 
inferior, 980f, 981 
middle, 980f, 981 
superior, 895, 980f, 981 
Cervical injury, 118b 
Cervical ligament, 458, 459f 


Cervical nerves. See also individual 
cervical nerves 
dermatomes of, 40f 
phrenic nerves and, 134 
in splenius capitis innervation, 95t 
in splenius cervicis innervation, 95t 
in suboccipital innervation, 100 
transverse, 867f, 963, 963f, 973f, 975 
in upper limb innervation, 659-663 
Cervical nodes, 32f 
deep, 877f, 983f, 984, 1030f, 1053f, 
1058f 
upper, 1030f 
superficial, 983f, 984 
Cervical pleura, 159, 160f 
Cervical plexus, 51f, 808f, 974-975, 
974f, 975f 
Cervical ribs, 147b, 233b 
Cervical vein, transverse, 951f, 952, 
971f 
Cervical vertebrae, 59f, 67, 67f, 68f, 72, 
72f-74f See also individual cervical 
vertebrae 
disc herniation in, 81b 
fusion of, 78b 
in neck, 802-803, 802f 
Cervical viscera, nerves, 45 
Cervicis, 93 
Cervicothoracic ganglion, 981 
Cervix of uterus, 456f, 457-458, 457f 
axis of, 457f 
cancer, 457b 
fornix of, 457f 
Chalazion, 881 
Check ligaments 
lateral, 887, 887f 
medial, 887, 887f 
Cheeks, 1034-1035, 1034f 
Chest, surgical access to, 156b 
Chest drain, 156b 
Chest infection, 240b-241b 
Chest radiograph, 12, 237, 238f 
Chest tube insertion, 156b 
Chest wound, 234b-235b 
Chiasmatic sulcus, 825f 
Childbirth, episiotomy in, 439b 
Choanae, 796, 796f, 1024, 1025f 
Cholecystitis, 326 
Chorda tympani nerve, 907f, 918f, 
933f-934f, 935-936, 936f-937f, 
1042f, 1046f, 1047, 1047f 
Chordae tendineae, 187, 188f 
Choroid, 898f, 900, 901f 
Chronic lower limb ischemia, 572 
Chyle, 32 
Chylomicrons, 31 
Ciliary artery 
anterior, 898f 
long posterior, 892f, 893, 898f 
short posterior, 892f, 893, 898f 
Ciliary body, 898f, 900-901, 901f 
Ciliary ganglion, 48f, 807f, 853t, 894, 
897-898, 897f 
parasympathetic root, 897 
sensory root, 897 
sympathetic root, 898 
Ciliary muscle, 901, 901f, 902t 
Ciliary nerves, long, 897 
Ciliary process, 901, 901f 
Circle of Willis, 837 
Cirrhosis, hepatic, 339-340, 392b-393b 
Cisterna chyli, 173f, 220, 221f, 341 
Clavicle, 525f, 527-528, 654f, 673f 
fractures, 673b-674b, 673f 
as neck boundary, 798f 
Clavicopectoral fascia, 139, 140f, 687f, 
688 
Clavicopectoral triangle, 663, 778f 
Clavicular notch, 668 


Clinoid process 
anterior, 824 
middle, 825, 825f 
posterior, 825, 825f 
Clitoris, 483-484 
body of, 408f, 483 
crus of, 484f 
deep artery of, 493f 
dorsal artery of, 493f 
dorsal nerve of, 490, 490b 
dorsal vein of, 475, 494, 495f 
erectile tissue, 484f 
erection of, 485 
frenulum of, 487, 500f-501f 
glans of, 408f, 484f, 487f, 500f-501f 
prepuce of, 487, 487f, 500f-501f 
root of, 483 
suspensory ligament of, 486f 
Clivus, 826, 826f 
C1 nerve, 65f, 109f 
in neck, 980f 
in suboccipital innervation, 100t 
C2 nerve, 65f, 109f 
in neck, 980f 
C3 nerve, 65f, 109f 
in diaphragm innervation, 136f 
in levator scapulae innervation, 90 
in neck, 980f 
C4 nerve, 65f, 109f 
in diaphragm innervation, 136f 
in levator scapulae innervation, 90 
in neck, 980f 
C5 nerve, 65f, 109f 
in diaphragm innervation, 136f 
in neck, 980f 
in spinal cord trauma, 118b 
C6 nerve, 65f, 109f 
C7 nerve, 65f, 109f 
C8 nerve, 65f, 109f 
Coal worker’s pneumoconiosis, 174b 
Coarctation of aorta, 210b, 238b 
Coccygeal cornu, 72f-74f 
Coccygeal curvature, 57f, 113f 
Coccygeal nerves, 65f, 109f 
Coccygeal plexus, 462-466, 463f 
branches, 464f, 467t-468t 
Coccygeal vertebrae, 68 
Coccygeus, 411, 411f, 434f, 434t, 
436 
Coccyx, 59f, 67f, 68, 72f-74f, 75, 410f, 
425f, 426 
horns of, 426 
Cochlea, 908, 913, 913f, 914-915, 
915f 
Cochlear canaliculus, 914f, 915, 915f 
Cochlear duct, 913, 913f, 914f, 916-917, 
919f 
Cochlear nerve, 913f, 915f 
Colic artery, 333 
left, 3121, 335, 335f 
ascending branch of, 335f 
descending branch of, 335f 
middle, 312f, 332f, 333, 334f 
right, 312f, 333, 334f 
Colic flexure 
left, 307, 307f, 311f, 356f 
right, 307, 307f, 311f, 356f 
Colic impression, on liver, 319f 
Colic vein 
left, 339 
middle, 337f 
right, 337f 
Collateral circulation, 30b 
Collateral ligaments, 579, 580f, 611, 
611f 
radial, 755 
ulnar, 755 
Colles’ fascia, 271f, 489-490, 489f 
Colles’ fracture, 734 


Colon, 308f, 310-312, 311f 
in abdominal cavity, 248f 
arteries, 312f 
ascending, 307, 307f, 308f, 311f 
arteries, 312f 
in ileocecal junction, 302f 
descending, 307, 307f, 308f, 311f 
kidneys and, 356f 
development of, 257f 
haustra of, 307f, 308 
obstruction of, 314b 
sigmoid, 307f, 311f 
transverse, 307, 307f, 308f, 311f 
Colon cancer, 396b-398b, 401b-403b, 
441b 
Colonic flexure, left, 321f 
Colonoscopy, 304 
Colostomy, 316 
Commissures (cardiac), 187-188 
Common tendinous ring, 886, 886f 
Communicating artery 
anterior, 837f-838f 
posterior, 837, 837f-838f 
aneurysm, 1075b 
Compact bone, 15 
Compressor urethrae, 437, 438f, 438t 
Computed tomography (CT), 9, 9f, 10f 
of abdominal aortic aneurysm, 369f 
advantages of, 12-13 
of gastrointestinal tract, 306b 
of head, 828 
interpretation of, 12-13 
of lung, high-resolution, 174b 
multidetector, 369f 
radiation exposure in, 13 
of urinary tract, 366 
Concha (nasal) 
inferior, 429-430, 518-520, 813f, 814, 
1014f, 1017f, 1018f, 1022f-1023f 
middle, 462, 518-520, 1014f, 1017f, 
1018f, 1022f-1023f 
superior, 518-520, 1014f, 1017f, 
1018f, 1022f-1023f 
Concha of auricle, 903, 1069f 
Condylar canal, 812t, 821, 824t, 827 
Condylar fossa, 821 
Condylar joints, 21, 22f, 655 
Condylar process, 815f, 922, 1033f 
Cones (in eye), 901 
Congenital gastrointestinal disorders, 
313b 
Congenital heart defects, 197b 
Congenital scoliosis, 77b 
Coning, 847 
Conjoint tendon, 285, 285f, 287f 
Conjunctiva, 879f, 881 
Conjunctival fornix, 879f, 881 
Conjunctival sac, 881 
Conoid tubercle, 525f, 526 
Constrictive pericarditis, 180b 
Constrictors, 987-989 
inferior, 988t, 989, 989f, 991f 
middle, 929f, 988t, 989, 989f, 991f, 
1037f 
superior, 929f, 988-989, 988t, 989f, 
991f, 1034f, 1037f 
Contrast agents, in x-ray, 7-8, 8f 
Conus arteriosus, 187, 188f 
Conus medullaris, 101, 101f 
Cooper's ligament, 273 
Coracoacromial ligament, 671f, 672f 
Coracobrachialis, 672f, 693t, 694-695, 
694f, 715, 715f, 716t 
Coracoclavicular ligament, 669, 669f 
Coracohumeral ligament, 671, 671f 
Coracoid process, 225f, 667, 673f, 778f 
Cornea, 898f, 900, 901f 
Corniculate cartilage, 1000, 1000f, 1002f 
Corniculate tubercle, 829f 


Cornua, 425f, 426 
Coronal plane, 5f, 6 
Coronal suture, 800f-801f, 814, 815f 
Coronary angiography, 237 
Coronary angioplasty, 196b 
Coronary artery(ies), 193f, 194 
angiogram, 142f 
bypass grafting, 196b 
clinical terminology, 194b 
disease, 196b, 200b 
in heart, 181f 
left, 194, 195f, 196f 
anterior interventricular branch, 
181f, 194, 195f 
circumflex branch, 194, 195f, 
196f 
as left main-stem vessel, 194b 
marginal, 194 
posterior interventricular branch 
of, 196f 
sinuatrial nodal branch, 196f 
in myocardial infarction, 142f, 237 
right, 194, 195f 
atrial branch, 194 
marginal branch, 182f, 195f 
posterior interventricular branch, 
182f, 194, 195f 
sinuatrial nodal branch, 195f 
variations, 194 
Coronary ligament 
anterior, 317, 319f 
posterior, 317, 319f 
Coronary lymphatics, 200 
Coronary sinus, 181f, 182f, 190f, 193f, 
198 
Coronary sinus opening, 186f, 187 
Coronary sinus valve, 186f, 187 
Coronary sulcus, 183, 183f, 193f 
Coronary vasculature, 192-200, 193f, 
195f, 205f 
Coronoid fossa, 713, 713f 
Coronoid process, 714f-715f, 715, 815f, 
922, 922f, 1033f 
Corpus cavernosum, 291f, 483, 484f 
Corpus spongiosum, 291f, 483, 484f 
Corrugator supercilii, 856t-857t, 858f, 
859 
Costal cartilage, 225f 
Costal facet, 126f 
inferior, 126f, 141-142, 142f 
superior, 126f, 141-142, 142f 
in thoracic vertebrae, 141-142, 142f 
transverse, 141-142, 142f 
Costal groove, 147, 148f-149f 
Costal margin, 225f, 248f, 250f, 383f 
Costal pleura, 159, 160f 
Costocervical trunk, 102f-103f, 151, 
152f, 977f, 978 
Costoclavicular ligament, 668f, 669 
Costodiaphragmatic recesses, 128b, 
129f, 162 
Costomediastinal recesses, 162 
Costotransverse joint, 145-146, 
145f 
Costotransverse ligament, 145, 145f 
lateral, 145, 145f 
superior, 145, 145f 
Costovertebral joints, 145-147, 145f 
Counting, of ribs, 224-225, 225f 
Cranial, as anatomical direction, 6 
Cranial cavity, 796, 796f, 822-827 
floor, 823-827, 823f 
roof, 822-823, 822f 
Cranial dura mater, 35f, 830-833, 
830f 
Cranial fossa 
anterior, 823-824, 823f, 824t 
middle, 824-826, 824t, 825f 
posterior, 824t, 826-827, 826f 


Cranial nerves, 65f, 109f, 807, 807f, 
848-854, 848t-849t, 850f, 851f 
dermatomes of, 40f 
lesions, 855b 
in parasympathetic system, 48, 48f, 
49 
Craniocervical junction trauma, 84 
Cranium, 812 
Cremasteric arteries, 494 
Cremasteric fascia, 285, 287f 
Cremasteric muscle, 285 
Cremasteric reflex, 288b 
Cremasteric vessels, 287f 
Cribriform plate, 823, 823f, 1016, 1017f, 
1024-1025, 1025f 
Crico-arytenoid 
lateral, 1006f, 1006t, 1007 
posterior, 1006, 1006f, 1006t 
Crico-arytenoid joints, 1003, 1003f 
Cricoid, 999f 
Cricoid arch, 1064f-1065f 
Cricoid cartilage, 806f, 965f, 987f, 997f, 
998f, 1010f 
Cricopharyngeus, 217b 
Cricothyroid, 987f, 1005-1006, 1005f, 
1006t 
Cricothyroid joints, 1002, 1003f 
Cricothyroid ligament, 806, 806f, 1001- 
1002, 1001f, 1002f, 1011f 
lateral, 1006f 
locating, 1064-1065, 1064f-1065f 
median, 1001, 1001f, 1002 
Cricothyroid membrane, 1001-1002 
Cricothyrotomy, 806 
Cricotracheal ligament, 1001, 1001f 
Cricovocal membrane, 1001-1002 
Crista galli, 823, 823f, 1016, 1017f 
Crista terminalis, 186, 186f 
Critical limb ischemia, 572 
Cruciate anastomoses, 571f 
Cruciate ligaments, 579, 581f 
anterior, 557, 575f, 578f 
injury of, 639b-641b 
posterior, 557, 575f, 578f 
Cruciform ligament, 72f-74f 
Crus of clitoris, 484f, 500f-501f 
Crus of diaphragm 
left, 253f 
right, 157f, 253f 
Crus of inguinal canal, 284 
Crus of penis, 484f, 502f-503f 
CT. See Computed tomography (CT) 
Cubital fossa, 711f, 729, 730f, 779-780, 
780f 
Cubital vein, median, 523f, 524, 729, 
730f, 780f 
Cuboid, 601f, 604 
Cuneiform cartilage, 1000, 1000f, 1002f 
Cuneiforms, 601f 
intermediate, 518f 
lateral, 518f, 604 
medial, 518f, 604 
Cuneiform tubercle, 829f 
Cl vertebra, 72, 72f-74f 
in neck, 802f 
radiograph of, 68f 
Cll vertebra, 72, 72f-74f 
in neck, 802f 
posterior ramus of, 87f 
spinous process of, 114-115, 114f 
CIII vertebra 
level with CIV, 805f, 806, 1063, 1063f 
posterior ramus of, 87f 
radiograph of, 68f 
CIV vertebra 
level with CIII, 805f, 806, 1063, 1063f 
in uncovertebral joint, 81f 
CV vertebra, 81f 
CVII vertebra, 87f, 114-115, 114f 
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Cymba conchae, 1069f 
Cysterna chyli, 372f 
Cystic artery, 319f, 332f 
Cystic duct, 318f, 323 
Cystic veins, 337 


D 
Dartos fascia, 271f 
Deciduous teeth, 1056f, 1057 
Deep, as anatomical term, 6 
Deep fascia, 26-27, 131f 
Deep nodes, 32f 
Deep vein thrombosis, 371, 544b, 643b, 
643f 
Defecation, 435b 
Degenerative joint disease, 24b-25b, 
582b 
Deltoid, 656f, 676, 676f, 677f, 678t, 778f 
Deltoid ligament, in ankle, 605, 606, 606f 
Deltoid tuberosity, 712 
Deltopectoral triangle, 663 
Dens, 72, 72f-74f 
Dental anesthesia, 937b 
Dental plexus, superior, 944 
Denticulate ligament, 105, 105f 
Depressor anguli oris, 856t-857t, 858f, 
860f, 861 
Depressor labii inferioris, 856t-857t, 
858f, 860f, 861 
Depressor septi, 856t-857t, 858f, 859f 
Depressor septi nasi, 860, 1024f 
Dermatomes, 38-39, 38f, 40f 
abdominal wall, 259f, 280f 
in back, 66f 
in face, 808f 
in foot, 626f 
in hands, 773f 
herpes zoster in, 110b 
lower limbs, 523f, 524f 
lumbar plexus, 380f 
myocardial infarction in, 142f 
perineal, 417f 
referred pain and, 52b 
thoracic, 133, 133f-134f 
upper limbs, 661f 
Dermatomyotome, 35, 36f, 38f 
Dermis, 26 
Descending colon, 307, 307f, 308f, 311f 
kidneys and, 356f 
Dextrocardia, 211b 
Diagnostic techniques, 7-10 
Dialysis 
fistula for, 731b, 731f 
peritoneal, 294 
peritoneum in, 294 
venous access for, 208b, 698 
Diaphragm, 124f, 127-128, 127f, 156- 
158, 157f, 253-254, 352f 
as abdominal boundary, 246f-247f 
aortic hiatus of, 127f, 157f 
arteries in, 157-158 
blood supply, 353 
in breathing, 158-159, 158f 
central tendon of, 127f, 130, 157f, 177 
crura of, 106f, 351f 
crus of 
left, 253f 
right, 157f, 253f 
development of, 135 
domes of, 352-353, 352f 
esophageal hiatus of, 127f, 157f 
left dome of, 127f 
nerves, 134-135, 136f, 158, 353 
phrenic nerves and, 134-135 
in posterior abdomen, 351-353, 351f 
right dome of, 127f 
structures through and around, 352 
traumatic rupture of, 391b 
venous drainage, 158 
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Diaphragma sellae, 831, 831f, 844f 
Diaphragmatic hernias, 354b, 354f 
Diaphragmatic nodes, 154, 154f 
Diaphragmatic pleura, 159, 160f 
Diencephalon, 835, 836f 
Digastric, 955, 955t, 956f 
Digestive tract, separation from 
respiratory, 808-811 
Digital arteries 
dorsal, 623, 623f, 624f 
palmar, 768f, 769 
Digital expansions, dorsal, 616, 616f, 
760-761, 761f 
Digital nerves, 773f 
common plantar, 625, 626 
dorsal, 627 
palmar, 772 
proper plantar, 625 
Digital rectal examination, 439b 
Dilator pupillae, 901, 901f, 902t 
Diploé, in skull, 35f, 818, 818f, 833f 
Diploic vein, 35f 
Directions, anatomical, 5f, 6 
Discectomy, 86 
Disc oteophyte bars, 81b 
Dissecting thoracic aneurysm, 
119b-120b 
Distal, as anatomical direction, 6 
Distal embolization, 233b 
Diverticular disease, 315b, 400b 
Doppler ultrasound, 9, 9f 
Dorsal, as anatomical direction, 6 
Dorsalis pedis artery, 599f, 623-624, 
624f 
finding, 635, 635f 
Dorsalis pedis pulse, 637f 
Dorsum sellae, 825, 825f 
Dual-photon x-ray absorptiometry, 79b 
Duct system for bile, 323 
Ductus arteriosus, 197b, 210 
Ductus deferens, 416f, 448, 450 
ampulla of, 449f-450f 
artery of, 287f 
development of, 260 
left, 260f 
Duodenal jejunal flexure, 299f 
Duodenal papilla 
major, 300, 320, 321f 
minor, 300, 320, 321f 
Duodenal ulceration, 303 
Duodenojejunal flexure, 301 
Duodenum, 299f, 300-301, 300f, 305f 
arteries, 301f 
ascending part, 300f, 301 
descending part, 300, 300f 
inferior part, 300f, 301 
superior part, 300, 300f 
Dural partitions, 830f, 831 
Dura mater, 35, 35f, 62f, 63f, 104, 105f, 
830-833, 830f, 833f 
arteries, 832 
innervation, 833 
meningeal layer, 830 
periosteal layer, 830 


E 
Ear(s), 902-919, 902f, 1069, 1069f 
arteries, 909, 911, 917 
examination of, 905b 
external, 902, 902f, 903-905 
internal, 902, 902f, 913-919, 913f 
middle, 902, 902f, 904f, 906-913, 
906f 
anterior wall, 908 
boundaries, 907-908, 907f 
jugular wall, 907 
labyrinthine wall, 908 
mastoid area, 909 
mastoid wall, 907-908 


Ear(s) (Continued) 
membranous wall, 907 
tegmental wall, 907 
muscles, 903, 910-911, 911f, 911t 
nerves, 903f, 904, 905, 909, 912f, 
917-919, 918f 
veins, 909, 911,917 
Ectopic pregnancy, 508b 
Efferent ductules, 448 
Effort closure, of larynx, 1009 
Ejaculatory duct, 449f-450f, 451 
Elastic cartilage, 14 
Elbow joint, 724-726, 725f, 726f 
arthritis in, 729b 
development of, 727f 
in hand positioning, 651 
injury, 727b, 727f 
movements of, 653f 
pulled, 728b 
synovial membrane of, 726f 
Electrocardiography, in myocardial 
infarction, 237 
Ellipsoid joints, 655 
Emboli, cervical rib and, 233b 
Embolization, distal, 233b 
Emissary veins, 939f, 1057f 
Emphysema, 174b 
Endoleak, 401b 
Endolymph, 913 
Endolymphatic duct, 915f, 916 
Endolymphatic sac, 915f 
Endopelvic fascia, 275 
Endoscope, 304f 
Endoscopy, Gl tract, 304, 305f 
Endothoracic fascia, 26-27, 148 
Endovascular procedures, femoral 
artery for, 421 
Enteric nervous system, 49, 50f, 341, 
345, 347f 
Epaxial muscles, 35, 36f, 37f 
Epicardium, 177 
Epicondylitis, 728b 
Epicranial aponeurosis, 873-874 
Epidermis, 26 
Epididymis, 260f, 448-450 
body of, 448, 449f-450f 
head of, 448, 449f-450f 
tail of, 448, 449f-450f 
true, 448 
Epigastric artery 
inferior, 281f, 282f 
in posterior abdomen, 351f 
superficial, 281f, 282f, 569 
superior, 152, 152f, 157f, 281f 
Epigastric region, 389, 389f 
Epiglottic tubercle, 999f 
Epiglottis, 803f, 809f-810f, 992f, 997f, 
999, 999f 
Epiphyseal fractures, 20b 
Epiploic foramen, 256 
Episiotomy, 439b 
Epistaxis, recurrent, 1076b 
Epitympanic recess, 906, 906f, 908f 
Erectile tissue, 484f 
Erection, 418, 419f, 485 
Erector spinae, 93, 94f, 95-97, 96f 
in back musculature, 61f 
in surface anatomy, 116f-117f 
in vertebral canal, 106f 
Esophageal branches, 329, 330f 
Esophageal cancer, 217b, 241b-242b, 
305f 
Esophageal hiatus, 127f, 157f, 217f, 355b 
Esophageal opening, 253f 
Esophageal plexus, 43f, 51f, 172f, 212f, 
217, 218f 
Esophageal rupture, 217b 
Esophageal varices, 340 
Esophagectomy, 156b 


Esophagus, 171f, 205f, 211, 211f, 
215-217 
abdominal, 297-323 
epithelial transition to, 303 
arteries, 216 
constrictions in, 215b, 217f 
in diaphragm, 157f 
innervation, 216, 218f 
lymphatics, 216 
in mediastinum, 216f 
relationships to important structures, 
215 
in superior thoracic aperture, 127f 
thoracic, 298f 
veins, 216 
Ethmoidal arteries, 832, 832f 
anterior, 892f, 893, 1026f, 1027 
posterior, 892f, 893, 1026f, 1027 
septal branch, 1026f 
Ethmoidal bulla, 1016, 1017f 
Ethmoidal cells, 1015f, 1017f, 1018f- 
1019f, 1019, 1022f-1023f 
Ethmoidal foramen, 878f, 886 
anterior, 878 
posterior, 878 
Ethmoidal infundibulum, 1016, 1017f 
Ethmoidal labyrinths, 1016, 1017f 
Ethmoidal nerve 
anterior, 895f, 897, 1028f, 1029 
nasal branch, 1028f 
posterior, 895f, 897, 1029 
septal branch, 1028f 
Ethmoidal notch, 1016 
Ethmoid bone, 823, 823f, 878f, 1016- 
1018, 1017f 
Exercise testing, 237 
Extensor carpi radialis brevis, 213, 745t, 
746f 
Extensor carpi radialis brevis tendon, 
757f, 781f, 782 
Extensor carpi radialis longus, 212, 
745t, 746f 
Extensor carpi radialis longus tendon, 
757f, 781f, 782 
Extensor carpi ulnaris, 214, 231f, 745t, 
746f 
Extensor carpi ulnaris tendon, 757f, 
781f, 782 
Extensor digiti minimi, 214, 745t, 746f 
Extensor digiti minimi tendon, 757f 
Extensor digitorum, 214, 231f, 745t, 
746f 
immobilizing, 789b 
Extensor digitorum brevis, 617, 617f, 
617t 
Extensor digitorum longus, 597f, 598, 
598t 
Extensor digitorum longus tendon, 
634f 
Extensor digitorum tendon, 757f, 761f, 
781f, 782 
Extensor hallucis brevis, 617 
Extensor hallucis longus, 597f, 598, 598t 
Extensor hallucis longus tendon, 634f 
Extensor hoods, 616, 616f, 760-761, 
761f 
Extensor indicis, 216-217, 231f 
Extensor indicis tendon, 757f 
Extensor pollicis brevis, 215, 231f 
Extensor pollicis brevis tendon, 757f, 
781f 
Extensor pollicis longus, 216, 231f 
Extensor pollicis longus tendon, 757f, 
781f 
Extensor retinacula, 613, 613f, 746f 
inferior, 613 
superior, 613 
External table, in skull, 35f 
Extracapsular ligaments, 924, 924f 


Extradural anesthesia, 108b 
Extradural fat, 62f 
Extradural hematoma, 829, 1073b 
Extradural hemorrhage, 845 
Extradural space, 35f, 62f, 63f, 833f, 834 
Extrahilar arteries, 359 
Extra-ocular muscles, 887-891 
Extraperitioneal fascia, 278, 278f 
Extrinsic muscles 

of back, 57, 60 

of eyeball, 887-891 

of tongue, 1038f, 1039-1041, 1039t 
Eyeball, 898-901, 898f 

anterior chamber, 898-899, 898f, 

901f 

arteries, 899 

axis of, 888f 

fascial sheath of, 886-887, 887f 

fibrous layer, 900 

inner layer, 901 

movements of, 888f, 890f 

muscles, 889f, 890f 

posterior chamber, 898-899, 898f, 

901f 

postremal chamber, 898f 

vascular layer, 900-901 

veins, 899 

walls of, 899 
Eye examination, 892b 
Eyelids, 879-881, 879f, 1068f 

arteries, 881, 883f 

nerves, 881, 883f 

veins, 881, 883f 
Eyes, 1068-1069, 1068f 


F 
Face, 797, 797f, 856-872 
arteries, 869-871, 870f 
lymphatics, 872, 872f 
major features of, 1067, 1067f 
muscles, 857-862, 856t-857t, 858f 
nerves, 865-869, 866f, 868f 
veins, 870f, 871, 871f 
Facial arteries, 870f, 959f, 960, 960t, 
994f, 1052f 
transverse, 869, 870f, 883f 
Facial canal, prominence of, 907f, 908 
Facial nerve, 807f, 848t-849t, 850f, 851f, 
852-853, 863f, 864, 913f, 961, 1043 
branches, 868f, 917-919 
buccal branches, 863f, 868f 
cervical branches, 863f, 868f 
cervicofacial branch, 868f 
lesions, 855b 
mandibular branches, 868f 
palsy, 872b 
in temporal bone, 917-919, 918f 
temporal branches, 863f, 868f 
temporofacial branch, 868f 
zygomatic branches, 863f, 868f 
Facial pulse, 1070, 1070f 
Facial skeleton, 812, 816 
Facial vein, 870f, 871f, 939f, 952, 961, 
995f, 1028f, 1053f 
common, 951f 
deep, 871f, 939f 
transverse, 870f, 871 
Falciform ligament, 293f, 316, 317, 
319f 
Falcine herniation, 847 
False pelvis, 406, 406f 
False ribs, 142 
Falx cerebelli, 831, 831f 
Falx cerebri, 822, 830f, 831, 831f, 833f 
Fascia, 26-27, 27b 
Fascia lata, 271f, 489f, 544, 545f 
Fascial retinacula, 26-27 
Fat pads, 20-21, 21f 
FDG. See Fluorodeoxyglucose (FDG) 


Femoral artery, 536f, 540, 541f, 569- 
570, 570f 
for angiography, 421 
catheterization, 547b 
in femoral triangle, finding, 630, 630f 
in inguinal ring, 285f 
lateral circumflex, 536f, 570 
ascending branch of, 570 
descending branch of, 570 
transverse branch of, 570 
locating, 421 
medial circumflex, 536f, 570 
saphenous branch, 582f 
Femoral head, ligament of, 533 
Femoral hernia, 290b-291b 
Femoral nerves, 378t, 378f, 379f, 381, 
463f, 522f, 523f, 524f, 537-538, 
5361, 539t, 573, 573f 
Femoral nodes, 32f 
Femoral pulse, 637f 
Femoral sheath, 547 
Femoral triangle, 512-513, 514f, 545- 
547, 546f 
femoral artery in, finding, 630, 630f 
Femoral vein, 541f, 542, 542f, 584f 
in inguinal ring, 285f 
left, 370f 
for pulmonary angiography, 421 
right, 370f 
Femur, 517, 517f, 530f, 557f 
in avascular necrosis, 18b 
blood supply to, 532b 
distal end, 556-558, 557f 
epicondyle 
lateral, 557, 557f 
medial, 557f, 558 
fovea of, 529 
fractures, 532b, 532f 
head of, 529, 532b 
ligament of, 533 
intercondylar fossa, 556 
medial condyle, 556 
neck of, 529, 530f, 532b 
fractures, 532b, 532f, 642b 
proximal, 529-531 
shaft of, 529, 530f, 531, 531f, 556- 
558, 557f 
fracture of, 532 
Fetal diaphragmatic hernia, 354b, 354f 
Fibrocartilage, 14 
Fibrocartilaginous joint, 146f 
Fibrocartilaginous ring, 904 
Fibromuscular stroma, 446f 
Fibrous digital sheaths, 615, 615f, 759, 
760f 
Fibrous joints, 22, 23f 
Fibrous membrane, 20, 21f, 579f 
Fibrous pericardium, 177, 177f 
Fibrous trigone 
left, 192, 192f 
right, 192, 192f 
Fibula, 517, 517f 
distal end of, 587 
head of, 560 
lateral surface, 587 
in leg, 586, 587f 
medial crest, 587 
medial surface, 587 
neck of, 560 
posterior surface, 587 
proximal end, 560, 560f 
shaft of, 560, 587 
Fibular artery 
circumflex, 582f, 593, 593f 
perforating branch, 599f 
Fibular collateral ligament, 575f, 579, 
580f 
Fibularis brevis, 595f, 595t, 596 
Fibularis brevis tendon, 634f 


Fibularis longus, 595-596, 595f, 595t 
Fibularis longus tendon, 614f, 634f 
Fibularis tertius, 597f, 598, 598t 
Fibular nerve 
common, 467t-468t, 522f, 575, 584f, 
585, 594f, 597f 
deep branch, 523f 
superficial branch, 523f 
deep, 597f, 599f, 626f, 627 
superficial, 596, 597f, 599f, 626f, 627 
terminal branches, 626f 
Fibular notch, 586 
Fibular retinaculum, 613, 613f 
Fibular trochlea, 601f, 603 
Filiform papillae, 1037f, 1038 
Filum terminale, 101, 101f 
Fimbriae, 456, 457f 
Fimbriated fold, 1038, 1045f 
Flail chest, 147b 
Flat bones, 15 
Flexor carpi radialis, 737t, 738f, 739 
Flexor carpi radialis tendon, 757f, 781, 
781f 
Flexor carpi ulnaris, 737-739, 737t, 
738f, 781f 
Flexor carpi ulnaris tendon, 781-782 
Flexor digiti minimi brevis, 620t, 620f, 
621, 763t, 765f, 766 
Flexor digitorum brevis, 618, 618t 
Flexor digitorum brevis tendon, 615f 
Flexor digitorum longus, 591f, 592, 
592t, 619f 
Flexor digitorum longus tendon, 612f, 
615f 
Flexor digitorum profundus, 740f, 741, 
741t 
Flexor digitorum profundus tendons, 
7571, 760f, 761f 
Flexor digitorum superficialis, 739, 740f, 
741t 
Flexor digitorum superficialis tendons, 
740f, 757f, 760f 
Flexor hallucis brevis, 620-621, 620f, 
620t 
Flexor hallucis longus, 591, 591f, 592t, 
619f 
Flexor hallucis longus tendon, 612f, 615f 
Flexor pollicis brevis, 763t, 765f, 766 
Flexor pollicis longus, 740f, 741t, 742 
Flexor pollicis longus tendon, 757f 
Flexor retinaculum, 612, 612f, 757f, 
760f, 783, 783f 
Floating ribs, 142 
Fluorodeoxyglucose (FDG), 11 
Fluorodeoxyglucose (FDG) positron 
emission tomography, 175b 
Fluoroscopy, 7, 7f 
Foliate papillae, 1037f, 1038 
Fontanelles, 800f-801f, 801 
Foot, 512, 600-627, 600f 
arches of, 519f, 614, 614f 
arteries, 622-624, 623f 
bones of, 517, 518, 518f, 600-605, 
601f 
dermatomes, 626f 
dorsum of, 600, 600f 
innervation, 624-627 
intrinsic muscles, 616-622 
joints, 605-612 
lateral arch, 519f 
longitudinal arch, 614, 614f 
medial arch, 519f, 614f 
muscles, 616-622, 617t, 618t, 618f, 
619f, 619t, 620f, 620t, 621f, 622t 
sole of, 600, 600f 
tendons in, identifying, 634, 634f 
transverse arch, 519f, 614, 614f 
veins, 624, 624f 
superficial, 636, 636f 


Footplate, 908 
Foramen cecum, 823, 823f, 824t 
of tongue, 1037f, 1038 
Foramen lacerum, 812t, 820f, 821, 825, 
825f, 1032f-1033f 
Foramen magnum, 812t, 820f, 824t, 
826f, 827 
Foramen ovale, 187, 189f, 812t, 820f, 
824t, 825, 825f, 921f, 929f 
valve of, 190 
Foramen rotundum, 824t, 825, 825f, 
940f, 942f 
Foramen spinosum, 812t, 820f, 825f, 
921f, 929f, 1032f-1033f 
Foramen transversarium, 72f-74f, 802 
Forearm, 731-736, 732f 
anterior compartment of, 736-744 
arteries, 217, 742-743, 742f 
bones, 732-734 
identifying tendons in, 781-782 
joints, 734-736 
locating nerves and vessels in, 
781-782 
movements of, 653f 
muscles, 231f, 736-750, 741t, 745t, 
746f 
nerves, 218-220, 232f, 743-744, 744f 
posterior compartment of, 745-751 
veins, 217, 742-743 
Foregut, 327, 329f 
development of, 256 
referred pain, 377t 
Forehead, 812 
Fornix, 457f, 458f 
Fossa ovalis, 186f, 187 
Fourchette, 487, 487f, 500f-501f 
Four-quadrant pattern, of abdomen, 
268, 388 
Fovea centralis, 898f, 901 
Fovea of femur, 529, 530f 
Fractures 
of ankle, 608b 
of bone, 18b 
of clavicle, 673b-674b, 673f 
of femoral neck, 532b, 532f, 642b 
of humerus, 724b 
proximal, 668b 
supracondylar, 728b 
intertrochanteric, 532 
midfoot, 606 
orbital, 1077b, 1077f 
osteoporotic wedge, 77 
pars interarticularis, 85, 85f 
pelvic, 426b, 528b-529b 
of pterion, 829 
of radial head, 728b 
of radius, 734b 
rib, 147b, 699, 787b-788b 
scaphoid, 756b 
avascular necrosis, 756b 
of skull, 829 
of talus, 606b 
of ulna, 734b 
of vertebrae, 79b, 84b-85b 
Frankfort line, 1062f, 1067f 
Frenulum of clitoris, 487, 487f, 500f-501f 
Frenulum of lips, 1055 
Frenulum of penis, 488-489, 488f, 
502f-503f 
Frenulum of tongue, 1038, 1045f 
Frontal bone, 812, 813f, 815f, 822f, 878f 
Frontal crest, 822 
Frontal lobe, 836f 
Frontal nerve, 895f, 896 
Frontal process, 922 
of maxilla, 813, 813f 
of zygomatic bone, 813 
Frontal sinus, 1015f, 1018f-1019f, 1019 
Frontonasal duct, 1022f-1023f 


Index 


Frontonasal suture, 813 

Fundiform ligament of penis, 272, 485, 
A486f 

Fundus, of stomach, 298 

Fungiform papillae, 1037f, 1038 


G 
Gait, 516f 
Galea aponeurotica, 873-874 
Galeazzi’s fracture, 734 
Gallbladder, 319, 321f 
arteries, 319f 
body of, 319, 319f 
development of, 257f 
fossa, 317 
fundus of, 319, 319f 
liver and, 318f 
neck of, 319, 319f 
Gallstones, 326b, 326f 
Ganglion, 42 
Ganglion impar, 43, 43f, 51f, 342, 343f, 
465f, 469 
Gastric artery(ies) 
esophageal branches, 329 
left, 298f, 301f, 319f, 322f, 324f, 329, 
330f, 331f, 3326 
right, 298f, 324f, 330f, 331f, 332f 
short, 298f, 324f, 329, 330f, 331f 
Gastric bypass surgery, 347b 
Gastric vein 
left, 337, 337f, 338f, 340f 
right, 337 
short, 338, 340f 
Gastrocnemius, 589, 589t, 590f 
Gastroduodenal artery, 298f, 301f, 319f, 
322f, 324f, 330f, 331, 331f, 332f 
Gastroesophageal junction, 303, 305f 
as portosystemic anastomosis, 
339-340 
Gastrointestinal arteries, 262, 263f 
Gastrointestinal bleed, 401b-—403b 
Gastrointestinal contrast examinations, 
12 
Gastrointestinal tract 
congenital disorders, 313b 
CT of, 306b 
endoscopy, 304 
examination of upper, 304b-305b 
as intraperitoneal structure, 252f 
MRI of, 306b 
in pelvis, 439 
as retroperitoneal structure, 252f 
Gastrointestinal vascular supply, 336b 
Gastrointestinal veins, 264-266 
Gastro-omental artery 
left, 298f, 322f, 324f, 329, 330f, 331f 
right, 298f, 301f, 324f, 330f, 331, 
331f 
Gastro-omental vein 
left, 338, 340f 
right, 339 
Gastro-omental vessels, 295 
Gastrosplenic ligament, 323, 324f 
Gastrostomy, 315 
Gemellus inferior, 466, 548t, 549f, 550 
Gemellus superior, 466, 548t, 549f, 550 
General somatic afferents, 38, 848t 
General somatic efferents, 38, 848t 
General visceral afferent fibers, 41 
General visceral afferents, 848t 
General visceral efferents, 848t 
Genial spines 
inferior, 1034, 1036f 
superior, 1033f, 1034, 1036f 
Genicular artery 
inferior lateral, 582f 
inferior medial, 582f 
superior lateral, 582f 
superior medial, 582f 


1087 


1088 
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Geniculate ganglion, 852, 872, 917, 918f 
Genioglossus, 933f-934f, 1038f, 1039- 
1040, 1039t, 1040f 
Geniohyoid, 933f-934f, 955t, 956, 956f, 
1035t, 1036, 1036f 
nerve to, 1043f 
Genitalia 
female, 408f 
superficial features, 487-488, 487f 
male, 408f 
superficial features, 488-489, 488f 
Genital tubercle, 260f 
Genitofemoral nerve, 378t, 378f, 379- 
381, 379f, 522f, 539t, 540 
femoral branch, 380f, 381, 538f 
genital branch of, 287f, 380 
Gibbus deformity, 78b 
Gingivae, 1056-1060 
Ginglymus joints, 22f 
Glabella, 812, 813f 
Glans of clitoris, 453f, 483, 484f, 487f, 
500f-501f 
Glans penis, 484f, 488f, 502f-503f 
Glasgow coma scale, 847 
Glaucoma, 899b 
Glenohumeral joint, 651, 670-673, 670f, 
671f, 672f, 673f 
dislocation, 674b 
movements of, 653f 
Glenohumeral ligament, 671 
inferior, 671f 
middle, 671f 
superior, 671f 
Glenoid cavity, 527, 654f, 692f 
Glenoid labrum, 670, 670f, 692f 
Gliding joints, 22 
Glossopharyngeal nerve, 807f, 848t- 
849t, 850f, 851f, 853, 961, 962f, 
996-997, 1042-1043, 1042f 
lesions, 855b 
Gluteal arteries, 554, 555f 
inferior, 473f-474f, 474, 536f, 540- 
542, 541f, 554 
superior, 472, 472f, 473f-474f, 536f, 
540-542, 541f, 554 
Gluteal fold, 498f 
Gluteal line 
anterior, 526f, 527 
inferior, 527 
posterior, 526f, 527 
Gluteal nerves, 539-540, 551-554, 
55 2f-553f 
inferior, 463f, 464f, 466, 467t-468t, 
522f, 523f, 538f, 539t, 552f-553f, 
553 
superior, 463f, 464f, 466, 467t-468t, 
522f, 523f, 538f, 539t, 551-552, 
55 2f-553f 
Gluteal region, 498f, 512, 547-554, 547f 
Gluteal tuberosity, 531f 
Gluteal veins, 554 
inferior, 542f 
superior, 542f 
Gluteus maximus, 466, 548t, 550-551, 
550f 
Gluteus medius, 466, 548t, 549f, 550-551 
Gluteus minimus, 466, 548t, 549f, 
550-551 
Goiter, 968b, 1071b-1072b 
Gomphoses, 22, 23f 
Gonadal development, 260, 282-283 
Gonadal vein 
left, 264f 
right, 264f 
Gonadal vessels, 348f 
Gracilis, 564t, 565, 565f 
Granular foveolae, 822f 
Gravity, line of, 514f 
Gray matter, 34 


Gray ramus communicans, 44, 44f, 222f, 
700f, 701 
Greater omentum, 256, 257f, 295, 296b 
Greater sac, 256, 293 
Groin, 282-288 
as weak area in abdominal wall, 
260-262 
Groin masses, 290b-291b 
Gubernaculum, 260 
remnant of, 260f 
Gums, 1056-1060 
Guyon’s canal, 771 


H 
Hamate, 752, 753f-754f 
hook of, 752, 753f-754f 
Handle of malleus, 904, 905f, 910 
Hands, 220, 751f 
arteries, 767-770 
bones, 752-754, 753f-754f 
dermatomes in, 773f 
dorsal venous network in, 663 
examination of, 790b 
joints, 754-755 
as mechanical tool, 651 
movements of, 653f 
muscles, 762-766, 763t 
nerves, 770-774, 771f, 773f 
normal appearance of, 782, 782f 
positioning of, 651 
pronation of, 735-736, 736f 
as sensory tool, 654 
supination of, 735-736, 736f 
surface anatomy, 775f-776f 
in ulnar nerve injury, 772b 
veins, 767-770 
Hard palate, 819, 820f, 1047-1048, 
1047f 
Hartmann’s pouch, 326 
Haustra of colon, 307f, 308 
Head. See also Face; Scalp 
anatomical position of, 1062, 1062f 
back and, 64, 64f 
clinical lymphatic drainage of, 985b 
communication function of, 800 
component parts, 800-804 
computed tomography of, 828 
as container, 799-800 
functions, 799-800 
general description, 796-797 
imaging of, 828 
injury, 845b 
assessment, 847b 
treatment, 847b 
key features, 806-811 
landmarks, 1062 
major compartments, 796-797, 796f 
MRI of, 828 
muscles, 804 
nerves, 807 
positioning, 800 
as protective, 799 
pulse points, 1070, 1070f 
radiography of, 828 
regional anatomy, 811f 
relationship to other regions, 805 
surface anatomy, 1061, 1061f 
thorax and, 805 
ultrasound of, 828 
upper limbs and, 805 
vertex, 1062f 
Hearing, 916-917 
Heart, 183f. See also Entries at cardiac 
anterior interventricular sulcus, 183, 
183f 
anterior surface of, 180-182 
apex of, 180, 181f 
imaging, 183f 
arteries, 194, 205f 


Heart (Continued) 
atherosclerosis in, 29b 
atrium 
left, 181f, 185f, 189-190, 189f 
proper, 186-187 
right, 181f, 185f, 186-187, 186f 
auricle 
left, 188f, 189f 
right, 186-187, 186f, 188f 
auscultation of, 197b 
base of, 180, 181f 
borders, 182-183, 183b 
chambers of, 185-191 
imaging, 185f 
conduction system of, 200, 201f 
congenital defects, 197b 
diaphragmatic surface of, 180-182, 
182f 
external sulci, 183 
imaging of, 183b 
inferior margin, 181f, 182-183 
listening locations, 228, 229f 
lymphatics, 200 
margins, 182-183 
in mediastinum, 180-203 
nerves, 46f, 48f, 200-203, 202f 
obtuse margin, 181f, 182-183 
orientation, 180-183 
posterior interventricular sulcus, 183 
pulmonary surfaces of, 180-182 
as pumps, 185f 
referred pain, 377t 
sounds, 228, 229f 
surfaces of, 180-182 
in sympathetic system, 43f 
vasculature, 192-200, 193f, 195f, 205f 
veins, 198, 199f, 205f 
ventricle 
left, 181f, 183f, 185f, 190-191, 190f 
failure, 236 
right, 183f, 185f, 187, 188f 
visceral afferents from, 203 
visualizing margins of, 227-228, 228f 
Helicotrema, 914f, 915, 915f, 919f 
Helix, 903, 1069f 
Hematoma 
extradural, 829, 1073b 
subdural, 845-846 
Hematuria, 361 
Hemiazygos vein, 132, 132f, 153f, 158, 
220, 221f 
accessory, 132, 132f, 153f, 207, 208f, 
219f, 220, 221f 
in azygos system, 219f 
inferior, 220 
in posterior abdomen, 351f 
superior, 220 
Hemivertebra, 78b, 78f 
Hemopneumothorax, 234b-235b 
Hemorrhoids, 482b 
Hepatic artery 
common, 322f, 330f, 331, 331f, 332f 
distribution of, 332f 
left, 319f, 330f, 331, 332f 
proper, 293f, 298f, 301f, 319f, 324f, 
330f, 331, 332f 
right, 319f, 330f, 331, 332f 
Hepatic cirrhosis, 339-340, 392b-393b 
Hepatic duct 
common, 323 
left, 323 
right, 323 
Hepatic flexure, 307 
Hepatic jaundice, 326 
Hepatic portal vein, 265-266 
blockage, 266 
Hepatic vein(s), 265-266, 370f 
Hepatoduodenal ligament, 295, 317 
Hepatogastric ligament, 295, 317 


Hepatopancreatic ampulla, 320, 321f 
Hepatorenal recess, 316, 317f, 396 
Hernias 
diaphragmatic, 354b, 354f 
femoral, 290b-291b 
hiatus, 355b, 355f 
incisional, 291 
inguinal, 260, 282, 283-284, 288, 
290b-291b, 394b 
direct, 289, 289f, 291 
indirect, 288-289, 288f, 291, 291f 
spigelian, 291 
strangulation of, 290-291 
umbilical, 291 
Herniation, of intervertebral discs, 
81b 
Herpes zoster, 110b 
Hesselbach’s triangle, 289 
Hiatus hernia, 355b, 355f 
Hindgut, 329, 329f 
development of, 257f, 259 
referred pain, 377t 
Hinge joints, 21, 22f 
Hip joint, 517f, 532-535, 533f, 534f 
extension of, 514f-515f 
external rotation of, 514f-515f 
flexion of, 514f-515f 
flexors of, 519f 
internal rotation of, 514f-515f 
ligaments, 534-535 
movements of, 514f-515f 
synovial membrane of, 534f 
vasculature, 536f 
Histology, 4 
Hoarseness, vagus nerve and, 214b 
Hodgkin's lymphoma, 393b-394b 
Hook of hamate, 752, 753f-754f 
Horizontal fissure, 164, 165f, 166 
Horizontal plane, 6 
Horizontal plate, 1032f-1033f 
Horner's syndrome, 882b 
Hounsfield, Sir Godfrey, 9 
Humeral artery 
anterior circumflex, 683f, 696f, 697, 
718f-719f 
posterior circumflex, 681f, 683, 683f, 
696f, 697, 718f-719f 
Humeral ligament 
transverse, 670f, 671, 671f, 694f 
Humeral nodes, 709, 710f 
Humeral nutrient artery, 718f-719f 
Humerus, 654f, 712f 
anatomical neck of, 667, 667f 
capitulum, 712 
condyle, 712 
distal end, 712-713, 713f 
epicondyles, 713 
facets on, 667f 
fossae, 713 
fracture, 724b 
supracondylar, 728b 
greater tubercle, 667-668, 667f 
head of, 667, 667f 
anterior dislocation of, 699 
lesser tubercle, 667-668, 667f 
nerves related to, 523f 
proximal, 667-668, 667f 
fracture, 668b 
shaft of, 712-713 
surgical neck of, 668 
trochlea, 712 
“Hunchback,” 78b 
Hyaline cartilage, 14, 20, 21f 
Hydrocephalus, 834b 
Hymen, 487, 487f 
Hyoepiglottic ligament, 1001, 1001f, 
1002f 
Hyoglossus, 929f, 933f-934f, 1038f, 
1039t, 1040-1041, 1040f 


Hyoid bone, 803, 806f, 997f, 1034, 
1034f 
body of, 803, 1034f 
greater horns of, 803, 803f, 1034f 
lesser horns, 803f, 1034f 
Hypaxial muscles, 35, 37f 
Hypertension portal, 397 
Hypochondrium 
left, 389, 389f 
right, 389, 389f 
Hypogastric nerves, 344f, 469-470 
inferior, 374f 
Hypogastric plexus, 342, 375 
inferior, 343f, 344f, 374f, 418, 465f, 
469f-470f, 470-471 
superior, 344f, 345, 375f, 469-470, 
469f-470f 
Hypoglossal canal, 812t, 820f, 821, 824t, 
826f, 827 
Hypoglossal nerve, 848t-849t, 850f, 
851f, 854, 963, 963f, 1042f, 1043- 
1044, 1043f 
test, 1040 
Hypophyseal fossa, 825, 825f, 1018f 
Hypothalamus, 836f 
Hypothenar eminence, 781f, 782f 
Hypothenar muscles, 763t, 765f, 766 
Hypothyroidism, 1071b-1072b 
Hysterectomy, 456b 


latrogenic ureteric injury, 507b 
Idiopathic scoliosis, 77b 
lleal artery, 303f, 333, 334f 
lleal conduit, 316 
lleal vein, 337f 
lleocecal fold, 302-303, 302f 
lleocecal junction, 302f, 309f 
lleocolic artery, 310f, 312f, 333, 334f 
appendicular branch, 333 
cecal branch, 333 
colic branch, 333 
ileal branch, 333 
lleocolic vein, 337f 
lleostomy, 316 
Ileum, 301f, 302-303, 302f, 307f, 309f 
arteries, 303f 
paralytic, 296b 
terminal, 302f 
lliac arteries 
common, 327, 360f, 367f, 368t, 472f, 
536f, 541f 
left, 312f, 328f, 366 
obstruction, 506b-507b, 506f 
right, 312f, 366 
deep circumflex, 281f, 282f 
external, 360f, 472f, 536f, 541f 
anterior trunk, 472f 
in inguinal triangle, 289f-290f 
posterior trunk, 472f 
internal, 471-474, 472f, 493f, 536f, 
541f 
anterior trunk, 473-474, 473f-474f 
left, 312f 
posterior trunk, 472, 472f 
right, 312f, 473f-474f 
lumbar branch, 472f 
in pelvic cavity, 412f 
spinal branch, 472f 
superficial circumflex, 281f, 569 
lliac crest, 423 
as abdominal boundary, 246f-247f 
in back musculature, 87f 
as bony landmark, 113f, 114-115, 
114f 
as landmark, 383f 
in margin of lower limb, 512f 
in posterior abdomen, 349f 
tubercle of, 424f, 526f 


lliac fossa, 349, 423, 424f 
lliac nodes 
common, 372f 
external, 372f, 478f, 496, 496f, 543f 
internal, 478f, 496 
lliac spine, 423 
anterior inferior, 422f, 424f 
anterior superior, 383f, 416f, 422f, 
424f 
as landmark, 383f 
lower limbs and, 526, 526f 
posterior inferior, 424f 
posterior superior, 113f, 424f 
lliac tuberosity, 424f 
lliacus, 350t, 561t, 562, 562f 
in abdominal wall, 250f 
as hip flexor, 519f 
lumbar plexus and, 378f 
in posterior abdomen, 350, 350f 
lliac vein(s) 
common, 338f, 542f 
left, 264-265 
external, 338f, 542f 
in inguinal triangle, 289f-290f 
left, 370f 
right, 370f 
internal, 338f, 476f, 494, 542f 
lliococcygeus, 411f, 434f, 435 
lliocostalis, 61f, 95-97, 96f 
lliocostalis cervicis, 96f, 97t 
lliocostalis lumborum, 96f, 97t 
lliocostalis thoracis, 96f, 97t 
lliofemoral ligament, 534, 535f 
lliohypogastric nerve, 378-379, 378t, 
378f, 379f, 522f 
in abdominal wall, 279, 280f 
anterior cutaneous branch, 378, 380f 
lateral cutaneous branch, 378, 380f 
llio-inguinal nerve, 378-379, 378t, 378f, 
379, 379f, 522f, 538f, 539t, 540 
in abdominal wall, 279, 280f 
lliolumbar artery, 472, 472f, 473f-474f 
lliolumbar ligaments, 74, 250f, 427f 
lliopsoas, 350, 519f, 562 
lliopubic eminence, 526f, 535f 
lliopubic tract, 289, 289f-290f 
lliotibial tract, 545 
llium, 349f, 423, 423f, 424f, 526-527 
Imaging 
computed tomography (CT) 
of abdominal aortic aneurysm, 
369f 
advantages of, 12-13 
of gastrointestinal tract, 306b 
of head, 828 
interpretation of, 12-13 
of lung, high-resolution, 174b 
of urinary tract, 366 
of head, 828 
of heart, 183b 
interpretation of, 13 
of lungs, 174b 
magnetic resonance imaging (MRI) 
of gastrointestinal tract, 306b 
of head, 828 
interpretation of, 13 
weighting of, 10, 10f, 11f 
nuclear medicine imaging 
interpretation of, 13 
of ovary, 455b 
radiography 
interpretation of, 12 
ultrasound 
of head, 828 
of upper limb vasculature, 698 
of urinary tract, 366 
Impotence, 471b 
Incisional hernias, 291 
Incisive canal, 819, 1021f, 1025f, 1026 


Incisive foramina, 812t, 819 
Incisive fossa, 819, 820f, 1032f-1033f, 
1052f 
Incisive nerve, 933f-934f, 935, 1059f 
Incisive papilla, 1047-1048 
Incisor crest, 1020f 
Incisors, 1056f, 1057 
Incus, 906f, 910, 910f, 919f 
Inferior, as anatomical direction, 5f, 6 
Infraclavicular nodes, 710f 
Infraglenoid tubercle, 527 
Infraglottic space, 829f, 1003 
Infrahyoid muscles, 954, 956-958, 957f 
Infrahyoid nodes, 995, 995f 
Infra-orbital artery, 870f, 871, 883f, 946, 
946f 
Infra-orbital canal, 886 
Infra-orbital foramen, 812t, 813f, 814, 
886 
Infra-orbital groove, 886 
Infra-orbital nerve, 866f, 867f, 883f, 
943f, 944, 1059f 
nasal branches, 1028f 
Infra-orbital vein, 871f, 893f 
Infrapatellar fat, 575f, 577, 578f 
Infrapatellar synovial fold, 577 
Infraspinatus muscle, 656f, 672f, 678, 
679f, 680t, 692f 
Infraspinous fossa, 527 
Infratemporal crest, 921, 921f, 929f 
Infratemporal fossa, 797, 797f, 920-940, 
920f, 921f, 929-940, 929f 
Infratrochlear nerve, 866, 866f, 867f, 
883f, 895f, 897 
Infundibulopelvic ligament, 460, 
474-475 
Infundibulum, 187, 456, 457f, 831, 831f 
Inguinal canal, 260, 283-288, 284f 
anterior wall, 285 
contents, 286 
floor of, 286 
posterior wall, 285-286 
roof of, 286, 286f 
Inguinal falx, 285 
Inguinal hernias, 260, 282-284, 288, 
290b-291b, 394b 
direct, 289, 289f, 291 
indirect, 288-289, 288f, 291, 291f 
Inguinal ligament, 246f-247f, 250f, 273, 
284f, 285f 
as landmark, 383f 
pelvic bone and, 536-537 
Inguinal nodes, 32f 
deep, 496, 496f, 542-543, 543f 
superficial, 282, 496, 496f, 542, 543f 
Inguinal region, 260f, 282-288 
Inguinal ring 
deep, 260f, 284, 284f, 289f-290f 
superficial, 260f, 284-285, 284f, 
285f 
finding, 384-385, 384f 
Inguinal triangle, 289, 289f-290f 
Inion, 817, 817f 
Injections, intramuscular, 553b 
Innervation. See Nerves 
Interarytenoid fold, 829f 
Interarytenoid notch, 829f, 1003 
Interatrial septum, 187 
Interatrial septum defect, 197b 
Intercarpal ligament, 669 
Intercavernous sinus, 842f, 843t 
Interchondral joints, 146, 146f 
Interclavicular ligament, 668f 
Intercondylar areas, in tibia, 558-559 
Intercondylar eminence, 558f-559f, 559 
Intercondylar fossa, 556, 557f, 575f 
Intercondylar tubercle 
lateral, 559 
medial, 559 
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Intercostal artery(ies) 
in abdominal wall, 281f 
anterior, 133f-134f, 148f-149f, 152- 
153, 152 
in intercostal space, 148f-149f 
perforating branch of, 148f-149f 
from aorta, 218f 
in intercostal spaces, 148f-149f 
lateral branches, 148f-149f 
posterior, 102f-103f, 133f-134f, 151- 
152, 152f, 218f 
collateral branch of, 152f 
in deep back muscle vasculature, 
93 
in intercostal space, 148f 
in latissimus dorsi innervation, 90 
left, 102f-103f 
right, 102f-103f 
in trapezius muscle vasculature, 89 
in serratus posterior vasculature, 92 
supreme, 151, 152f, 218f, 977f, 978 
Intercostal membrane, 150f 
external, 150 
internal, 150-151 
Intercostal muscles, 149-151, 149t, 
150f 
external, 148f-149f, 150 
innermost, 148f-149f, 151 
in intercostal spaces, 148f-149f 
internal, 148f-149f, 150-151 
Intercostal nerves, 154-155, 155f 
anterior cutaneous branch of, 133f- 
134f, 148f-149f, 154-155, 155f, 
279f 
in intercostal muscle innervation, 149t 
in intercostal spaces, 148f-149f 
lateral cutaneous branch of, 148f- 
149f, 154-155, 155f, 279f 
in serratus posterior innervation, 92 
thoracic, 131f, 259 
Intercostal nodes, 154, 154f 
Intercostal spaces, 147-155, 148f-149f 
Intercostal veins, 132f 
anterior, 148f-149f, 153f 
in azygos system, 219f 
in intercostal spaces, 148f-149f 
lateral, 148f-149f 
left superior, 153, 153f, 207, 208f, 
219f, 220 
posterior, 153f, 219f 
right superior, 153, 153f, 219f, 220 
Intercostobrachial nerve, 154-155, 155f, 
689, 689f, 704f, 706 
Intermaxillary suture, 819, 1032f-1033f 
Intermediate nerve, 852 
Intermittent claudication, 572 
Internal table, in skull, 35f 
Interossei border, 560 
Interossei muscles 
dorsal, 622, 622t, 762-763, 762f, 
763t 
palmar, 762f, 763-764, 763t 
plantar, 622, 622t 
Interosseous artery 
anterior, 217, 718f-719f, 743 
perforating branches, 742f 
common, 718f-719f, 743 
posterior, 217, 718f-719f, 743 
recurrent, 217, 718f-719f 
Interosseous membrane 
in forearm, 734-735 
in leg, 588f 
Interosseous nerve 
anterior, 743 
posterior, 218-220, 232f 
Interpalatine suture, 819 
Interphalangeal joints, 611f, 612, 755, 
761f 
movemeents of, 655f 
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Interpretation 
of computed tomography, 12-13 
of imaging results, 13 
of magnetic resonance imaging, 13 
of nuclear medicine imaging, 13 
of plain radiography, 12 
Interspinales, 93, 99t 
Interspinous ligaments, 84, 84f, 106f 
Intertarsal joints, 607-610 
Intertragic incisure, 1069f 
Intertransversarii, 93, 98f, 99t 
Intertrochanteric crest, 530f, 531, 
53 1f 
Intertrochanteric fracture, 532 
Intertrochanteric line, 529-531, 535f 
Intertubercular plane, 269, 387f, 389, 
389f 
Intertubercular sulcus, 668, 690f, 692f 
Interventricular groove, 181f 
Interventricular septum, 187 
Intervertebral disc, 62f, 80 
herniation of, 81b 
surgery, 86 
Intervertebral foramina, 66, 66f, 75, 75f, 
106f 
Intestinal trunk, 372f 
Intestine 
large, 307-313, 307f, 308f 
small, 300-303 
in abdominal cavity, 248f 
kidney and, 356f 
Intra-abdominal abscess, 395b-396b 
Intra-abdominal pressure, 249, 249f 
Intracerebral aneurysms, 840f, 840b- 
841b, 841f 
Intracranial hemorrhage, 845f, 845b- 
846b, 846f 
Intracranial venous structure, 830f, 871, 
871f 
Intrahepatic portosystemic shunt, 
396b-398b, 398 
Intramuscular injections, 553b 
Intraperitoneal structures, 251, 252f 
Intravenous urography, 8, 366 
Intrinsic muscles 
of back, 57, 60 
of eye, 902t 
of tongue, 1038f, 1039, 1039t 
Introitus, 500f-501f 
Investing fascia, 798f 
lodine, as contrast agent, 8 
Iris, 898, 898f, 901, 901f, 1068f 
Irregular bones, 15 
Ischial ramus, 424f 
Ischial spine, 411, 422f, 425, 527f 
Ischial tuberosity, 408f, 409, 409f, 410f, 
422f, 425, 498f, 527-528, 527f 
Ischio-anal fossa, 480, 481f 
abscesses, 480 
anterior recesses, 481f 
Ischiocavernosus, 485, 485t, 486f 
Ischiofemoral ligament, 534-535, 
535f 
Ischiopubic ramus, 409f, 410f, 479f, 
512f, 527f, 528 
Ischium, 349f, 423f, 424f, 425 


J 
Jaundice, 326 
hepatic, 326 
posthepatic, 326 
prehepatic, 326 
Jejunal artery, 303f, 332f, 333, 334f 
Jejunal flexure, 299f 
Jejunal vein, 337f 
Jejunostomy, 315 
Jejunum, 301-302, 301f, 313f 
arteries, 302f 
kidney and, 356f 


Joint(s), 20-26 
acromioclavicular, 669, 669f, 674f 
dislocation, 673b-674b 
additional structures in, 20-21, 
21f 
ankle, 605-607, 605f 
fractures, 608b 
lateral ligament in, 607, 607f 
medial ligament in, 606, 606f 
movements, 514f-515f 
arthroscopy of, 24b-25b 
articular cavity in, 21f 
articular disc in, 20-21, 21f 
atlanto-axial, 72 
atlanto-occipital, 72 
in back, 79-80 
ball and socket, 21, 22f 
bicondylar, 21 
bursae in, 21f 
calcaneocuboid, 610 
capsule, 20, 21f 
carpal, 755 
carpometacarpal, 755 
cartilage in, 20, 21f 
cartilaginous, 22, 23f 
categories of, 20 
condylar, 21, 22f, 655 
costotransverse, 145-146 
costovertebral, 145-147, 145f 
crico-arytenoid, 1003, 1003f 
cricothyroid, 1002, 1003f 
definition of, 20 
degenerative disease of, 24b-25b 
development of, 727f 
disease, 82b 
elbow, 724-726, 725f, 726f 
arthritis in, 729b 
in hand positioning, 651 
injury, 727b, 727f 
movements of, 653f 
pulled, 728b 
synovial membrane of, 726f 
ellipsoid, 655 
fat pads in, 20-21, 21f 
fibrocartilaginous, 146f 
fibrous, 22, 23f 
fibrous membrane in, 20, 21f 
foot, 605-612 
in forearm, 734-736 
ginglymus, 22f 
glenohumeral, 651, 670-673, 670f, 
671f, 672f, 673f 
dislocation, 674b 
movements of, 653f 
gliding, 22f 
in hand, 754-755 
hinge, 21, 22f 
hip, 517f, 532-535, 533f, 534f 
extension of, 514f-515f 
external rotation of, 514f-515f 
flexion of, 514f-515f 
flexors, 519f 
internal rotation of, 514f-515f 
ligaments, 534-535 
movements of, 514f-515f 
vasculature, 536f 
interchondral, 146, 146f 
interphalangeal, 611f, 755, 761f 
movements, 655f 
intertarsal, 607-610 
knee, 517f, 575-581 
arteries, 582f 
articular surfaces, 576, 576f 
fibrous membrane, 578, 579f 
innervation, 581 
ligaments, 578-579, 580f 
locking mechanism, 581, 581f 
menisci in, 576-577, 576f-577f 
movements, 515f 


Joint(s) (Continued) 
synovial membrane, 577-578, 578f 
vasculature, 581 
laryngeal, 1002-1003 
in leg, 588 
in lower limbs, 517-518, 517f 
lumbosacral, 426, 427f 
manubriosternal, 146, 146f, 147b 
metacarpophalangeal, 755, 761f 
movements of, 655f 
metatarsophalangeal, 518, 611f 
midtarsal, 518f 
in pelvis, 426-428 
pivot, 21, 22f 
plane, 21 
pubic symphysis, 428 
radio-ulnar 
distal, 734-736, 735f 
replacement of, 26b 
sacro-iliac, 408f, 426, 427f 
problems, 428b 
saddle, 21, 22f, 655 
shoulder, 668-673, 668f, 669f 
solid, 20-26, 23f 
sternoclavicular, 225f, 668-669, 668f 
dislocation, 673b-674b 
sternocostal, 146, 146f 
subtalar, 518f, 608 
synovial, 20-21 
descriptions of, 21 
features and structures in, 21f 
types of, 21, 22f 
synovial membrane in, 20, 21f 
tarsal, transverse, 607 
tarsometatarsal, 610-611, 611f 
temporomandibular, 922-924, 924f 
tibiofibular, 575f, 584, 584f 
in upper limbs, 654-655 
wrist, 754-755, 757f 
movements of, 654f 
structures at, 756-758, 757f 
xiphisternal, 146, 146f 
zygapophyseal, 80, 80f, 426, 427f 
Jugular foramen, 812t, 820f, 821, 824t, 
826f, 986f, 1032f-1033f 
Jugular notch, 224-225, 225f, 821 
Jugular trunk, 32f, 982f 
left, 221, 372t, 982, 1030f 
right, 372t, 982, 995f 
Jugular tubercle, 826f, 827 
Jugular veins 
anterior, 951f, 952, 971f 
external, 863f, 870f, 876f, 939f, 951f, 
952, 971f, 995f 
posterior, 951f, 952 
internal, 842, 870f, 876f, 939f, 951f, 
959f, 961, 995f 
left, 132f, 958f 
in portacath placement, 242b-243b 
right, 958f, 1011f 
in superior thoracic aperture, 127f 
left, 33f 
posterior, 971f 
superior bulb, 961 
Jugular venous pulse, 961b 
Jugulodigastric node, 983f, 984, 995f 
Jugulo-omohyoid node, 983f, 984 


K 
Kidney(s). See also Entries at renal 
in abdominal content arrangement, 
246f-247f 
anterior surface, 356 
fascia surrounding, 356-358, 357f 
fat surrounding, 356-358, 357f 
hilum of, 358, 358f 
inferior pole of, 356 
ischemia, 240 
lymphatics, 359 


Kidney(s) (Continued) 
major calyx, 358f 
minor calyx, 358f 
pelvic, 505b, 505f 
in peritoneal cavity, 293f 
in posterior abdomen, 348f, 355-359, 
355f 
posterior surface structures, 357f 
referred pain, 377t 
relationships to other structures, 356, 
356f 
structure of, 358-359, 358f 
superior pole of, 356 
surface projection of, 390, 390f 
transplant of, 364b 
ureters and, 360f 
vasculature, 359, 359f, 360f 
Klippel-Feil syndrome, 78b 
Knee, 517f, 575-581 
arteries, 582f 
articular surfaces, 576, 576f 
examination of, 583b 
fibrous membrane, 578, 579f 
identifying structures around, 630, 
631f 
injury, 639b-641b, 640f, 641f 
innervation, 581 
ligaments of, 578-579, 580f 
locking mechanism, 581, 581f 
menisci in, 576-577, 576f-577f 
movements, 515f 
soft tissue injuries to, 582b 
synovial membrane, 577-578, 578f 
vasculature, 581 
Kussmaul’s sign, 180b 
Kyphosis, in vertebral column, 78b 


L 
Labial artery 
inferior, 870f 
superior, 870f, 1026f, 1027 
Labial glands, 1046f, 1056f 
Labial nerve, posterior, 490b 
Labial vein 
inferior, 870f 
posterior, 495f 
superior, 870f 
Labia minora, 487, 487f, 500f-501f 
Labioscrotal swelling, 260f 
Labium majorus, 454f, 500f-501f 
Labyrinthine artery, 917 
Labyrinthine vein, 917 
Lachman’s test, 583 
Lacrimal apparatus, 882, 1068-1069, 
1068f 
Lacrimal artery, 883f, 892, 892f 
Lacrimal bone, 815f, 878f, 1022f-1023f 
Lacrimal canaliculi, 882, 883f, 884f, 
1068f 
Lacrimal caruncle, 1068f 
Lacrimal crest, 879, 880f 
Lacrimal duct, 882 
Lacrimal fold, 1068f 
Lacrimal gland, 48f, 882, 883f, 1046f 
arteries, 884 
nerves, 884f, 945 
veins, 884 
Lacrimal groove, 878f, 879 
Lacrimal lake, 882, 1068f 
Lacrimal nerve, 866f, 883f, 884f, 895f, 
896, 944f 
Lacrimal papilla, 1068f 
Lacrimal punctum, 882, 1068f 
Lacrimal sac, 882, 883f, 884f, 1068f 
Lacteals, 31 
Lactiferous ducts, 131f, 137, 138f 
Lactiferous sinuses, 131f, 138f 
Lacunar ligament, 273, 289f-290f 
Ladd’s bands, 313b 


Lambda, 818, 818f, 822f 
Lambdoid suture, 800f-801f, 814, 815f, 
817f, 822f 
Lamina of modiolus, 915, 915f 
Laminectomy, 86 
Large intestine, 307-313, 307f, 308f 
Laryngeal artery 
inferior, 1010, 1010f 
superior, 1010, 1010f 
Laryngeal cartilage, 998-1000, 998f 
Laryngeal cavity, 829f, 1003-1005 
regions, 1003 
vestibule, 829f, 1003 
Laryngeal inlet, 799, 799f, 829f, 992f, 997f 
Laryngeal joints, 1002-1003 
Laryngeal nerves, 996f 
external, 996, 1012f 
internal, 1012f 
left recurrent, 172f, 202f, 213, 214f, 
979, 979f, 1012f 
recurrent, 967, 978-979, 991f, 1013 
right recurrent, 202f, 978, 1012f 
superior, 962f, 1012, 1012f 
Laryngeal prominence, 998, 998f-999f, 
1064f-1065f 
Laryngeal saccules, 829f, 1005 
Laryngeal vein 
inferior, 1011, 1011f 
superior, 1011, 1011f 
Laryngeal ventricles, 829f, 1005 
Laryngopharynx, 799, 799f, 993 
Larynx, 799, 806f, 809f-810f, 997-1013, 
997f 
arteries, 1009, 1010f 
in breathing, 1008-1009, 1008f 
effort closure of, 1009 
fibro-elastic membrane of, 1001- 
1002, 1002f 
function of, 1008-1009, 1008f 
lymphatics, 1011 
muscles, 1005-1007, 1006t 
nerves, 1012-1013, 1012f 
in phonation, 1009 
relationship to other cavities, 997f 
in swallowing, 1009 
veins, 1011, 1011f 
Lateral, as anatomical direction, 5f, 6 
Lateral ligament, 924 
in ankle, 605, 607, 607f 
in neck, 924f 
Latissimus dorsi, 90, 90t, 656f, 672f, 
690f, 690t, 691f, 692 
in abdominal wall, 272f 
in back musculature, 61f 
as superficial back muscle, 87f, 88f 
in surface anatomy, 116f-117f 
weakness in, 101b 
Leg, 585-599, 586f 
anterior compartment of, 596-599 
arteries, 593-594, 593f, 596, 598-599 
bones, 586-587 
fibula in, 587f 
innervation, 594-595, 596, 599 
joints in, 588 
lateral compartment of, 595-596 
muscles, 588-592, 590f, 591f, 592t, 
595-596, 595f, 595t, 596-598, 
597f, 598t 
neurological examination of, 592b 
posterior compartment, 588-595 
tibia in, 587f 
veins, 594 
Lens, 898f, 899, 901f 
Leptomeninges, 835b 
Lesser omentum, 293f, 295, 296f 
Lesser sac, 256 
Levator anguli oris, 856t-857t, 858f, 
860f, 862 
Levator ani, 411, 411f, 434f, 434t, 435 


Levatores costarum 
in back musculature, 98f, 99t 
in thoracic musculature, 148-149 
Levator labii superioris, 856t-857t, 858f, 
860f, 862 
Levator labii superioris alaeque nasi, 
856t-857t, 858f, 860f, 862, 1024f 
Levator palpebrae superioris, 879f, 
880-881, 888-889, 888t, 889f 
Levator palpebrae superioris tendon, 
879f, 880f 
Levator prostatae, 435 
Levator scapulae, 90, 90t, 676, 677f, 
678t, 970t, 971f, 975 
in back musculature, 61f 
in shoulder, 656f 
as superficial back muscle, 88f 
Levator veli palatini, 929f, 989f, 1048t, 
1049f, 1050 
Ligamenta flava, 82-83, 83f, 84b, 84f 
Ligamenta flava hypertrophy, 84b 
Ligament of atlas, 72, 72f-74f 
Ligament of Treitz, 301 
Ligamentum arteriosum, 172f, 209f, 
210 
Ligamentum nuchae, 83, 83f, 88f, 96f, 
677f 
as landmark, 114-115, 114f 
Ligamentum venosum, fissure for, 318f 
Limbs 
lower. See also Ankle; Foot; Leg; 
Thigh 
abdomen and, 255, 256f, 520-521, 
521f 
abduction of, 514f-515f 
adduction of, 514f-515f 
arteries, 540-542, 541f, 569-571 
back and, 65 
bones, 517-518, 517f, 555-560 
component parts, 517-520 
deep fascia, 544-545, 545f 
dermatomes, 523f, 524f 
foot in, 600-627, 600f 
function of, 513-515 
gait and, 516f 
gateways to, 535-537, 537f 
general introduction, 512-513 
gluteal region, 512 
ilium and, 526-527 
joints of, 517-518 
key points, 521-525 
left, ischemic, 239b-240b 
locomotion by, 515 
lymphatics, 542-543, 543f, 554 
muscle compartments, 520f 
muscles, 518-520, 548-551, 548t, 
561-569, 561t, 564t, 565f, 568t 
muscular injuries in, 569b 
nerves, 521-524, 522f, 523f, 
537-540, 539t, 551-554, 
552f-553f, 573 
neurological examination of, 592b 
pelvis and, 414, 414f-415f, 521 
perineum and, 521 
in peripheral vascular disease, 572b 
pulse points, 637, 637f, 785f 
regional anatomy, 526-627 
regions of, 513f 
relationship to other regions, 
520-521 
saphenous opening in, 544-545 
surface anatomy, 628-637, 628f 
transition areas in, 514f 
upper margin of, 512f 
varicose veins in, 638b-639b 
vascular access to, 547b 
veins, 542, 542f, 554, 573 
superficial, 525, 525f 
weight support by, 513-515 


Limbs (Continued) 
upper, 650f. See also Arms; Axilla; 
Elbow joint; Forearm; Hands; 
Shoulder 
abduction of, 652f 
adduction of, 652f 
arteries 
trauma to, 699b 
back and, 65, 658 
bones, 654-655, 654f 
nerves related to, 523f, 663 
bony landmarks, posterior scapular 
region, 775 
component parts, 654-657 
dermatomes, 661f 
functions, 651-654 
general description, 650-651 
hand positioning function of, 651 
head and, 805 
innervation, 659-663, 660f, 661f, 
662f 
joints in, 654-655 
key points, 659-664 
movements of, 652f, 653f 
muscles, 656f, 657f 
myotomes, 661f 
neck and, 657, 658f, 805 
protraction of, 652f 
regional anatomy, 526-547 
relationships to other regions, 
657-658 
retraction of, 652f 
surface anatomy, 775-784, 
775f-776f 
thoracic wall and, 658 
thorax and, 130 
transition areas, 651f 
vascular, 698b 
veins, superficial, 523f, 663 
Limbus, of fossa ovalis, 186f 
Linea alba, 272f, 274f 
Linea aspera, 529-531, 531f, 556, 557f 
lateral margin, 530f 
medial margin, 530f 
Linea terminalis, 422f 
Line of gravity, 514f 
Lingual artery, 870f, 959f, 960, 960t, 
994f, 1041, 1042f, 1052f 
Lingual glands, 1046f 
Lingual nerve, 933f-934f, 934, 936f-937f, 
1042f, 1043, 1043f, 1047f, 1060f 
injury, 935b 
Lingual tonsil, 992f, 1038 
Lingual vein, 961 
deep, 1042, 1042f 
dorsal, 1042, 1042f 
Lingula, 166, 167f, 922f, 930f, 933f- 
934f, 1033f 
Lips, 1055, 1056f 
Liver, 316-319, 318f 
in abdominal cavity, 248f 
anterior medial segment V, 263f 
arteries, 319f 
bare area of, 317 
biopsy, 392b-393b 
caudate lobe of, 318, 318f 
cirrhosis of, 339-340, 392b-393b 
colic impression on, 319f 
development of, 257f 
diaphragmatic surface of, 316-317, 
317f 
gastrointestinal venous drainage 
and, 265-266 
lateral inferior area, 263f 
lateral segment II, 263f 
left lobe of, 318f 
ligaments associated with, 317-318, 
319f 
lobes of, 318-319 


Index 


Liver (Continued) 
medial segment IV, 263f 
metastasis to, 403b 
in peritoneal cavity, 293f 
in portacaval anastomoses, 266 
position of, 316f 
posterior lateral segment VII, 263f 
posterior medial segment VII, 263f 
posterior segment I, 263f 
quadrate lobe, 318, 318f 
recesses associated with, 317f 
renal impression on, 319f 
right anterior lateral segment VI, 263f 
right lobe of, 318f 
round ligament of, 266 
segmental anatomy of, 263f, 325 
surfaces, 317f 
visceral surface of, 317, 318f 
L1 nerve, 65f, 109f 
L2 nerve, 65f, 109f 
L3 nerve, 65f, 109f 
L4 nerve, 65f, 109f 
L5 nerve, 65f, 109f 
Lobectomy, 156b 
Lobule, 903, 1069f 
Locomotion, 515 
Long bones, 15 
Longissimus, 96f, 97 
Longissimus capitis, 96f, 97t 
Longissimus cervicis, 96f, 97t 
Longissimus thoracis, 96f, 97t 
Longitudinal ligament 
anterior, 82, 82f 
posterior, 62f, 82, 82f, 106f 
Longitudinal muscles, pharyngeal, 
989-990 
Long plantar ligament, 610 
Longus capitis, 974t, 975f 
Longus colli, 974t, 975f 
Lordosis, 78b 
Lower limbs. See also Ankle; Foot; Leg; 
Thigh 
abdomenand, 255, 256f,520-521,521f 
abduction of, 514f-515f 
adduction, 514f-515f 
arteries, 540-542, 541f, 569-571 
back and, 65 
bones, 517-518, 517f, 555-560 
component parts, 517-520 
deep fascia, 544-545, 545f 
dermatomes, 523f, 524f 
foot in, 600-627, 600f 
function of, 513-515 
gait and, 516f 
gateways to, 535-537, 537f 
general introduction, 512-513 
gluteal region, 512 
ilium and, 526-527 
joints of, 517-518 
key points, 521-525 
left, ischemic, 239b-240b 
locomotion by, 515 
lymphatics, 542-543, 543f, 554 
muscle compartments, 520f 
muscles, 518-520, 548-551, 548t, 
561-569, 561t, 564t, 565f, 568t 
muscular injuries in, 569b 
nerves, 521-524, 522f, 523f, 537-540, 
539t, 551-554, 552f-553f, 573 
neurological examination of, 592b 
pelvis and, 414, 414f, 521 
perineum and, 521 
in peripheral vascular disease, 572b 
pulse points, 637, 637f, 785f 
regional anatomy, 526-627 
regions of, 513f 
relationship to other regions, 
520-521 
saphenous opening in, 544-545 
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Lower limbs (Continued) 
surface anatomy, 628-637, 628f 
transition areas in, 514f 
upper margin of, 512f 
varicose veins in, 638b-639b 
vascular access to, 547b 
veins, 542, 542f, 554, 573 
superficial, 525, 525f 
weight support by, 513-515 
Lumbago, 118b 
Lumbar arteries, 367f, 368, 368t 
in latissimus dorsi innervation, 90 
Lumbar curvature, 57f, 113f 
Lumbar ganglia, 343f 
Lumbarization, of sacral vertebra, 78b 
Lumbar nerves, 65f, 109f. See also 
individual lumbar nerves 
dermatomes of, 40f 
Lumbar nodes, 154, 154f, 359, 372-373, 
372f, 478f, 496, 496f 
Lumbar plexus, 51f, 378-381, 378f, 
3791, 537 
branches, 378t 
cutaneous distribution, 380f 
Lumbar puncture, 106, 108b, 115f-116f 
Lumbar trunk 
left, 372f 
right, 372f 
Lumbar veins, 371 
ascending, 371 
in azygos system, 219f 
left, 220 
right, 218-220, 219f 
left, 264f 
Lumbar vertebrae, 59f, 68, 70f, 72f-74f, 
76f, 80f. See also individual lumbar 
vertebrae 
disc herniation in, 81f 
landmarks for levels, 385-386, 385f 
in posterior abdomen, 349, 349f 
sacralization of, 78b 
Lumbosacral enlargement, 101f, 109f 
Lumbosacral joints, 426, 427f 
Lumbosacral ligament, 427f 
Lumbosacral plexus, 538f, 539t 
Lumbosacral trunk, 463f, 464f, 537, 
538f 
Lumbricals, 616f, 619t, 619f, 620, 761f, 
763t, 766, 767f 
Lunula, of semilunar cusp, 188-189 
Lunate, 752, 753f-754f 
Lunate surface, 528, 528f 
Lung(s), 163f 
anterior border of, 163, 163f 
apex of, 163, 163f 
arteries of, 163 
base of, 163, 163f 
biopsy of, 156b 
borders of, 163, 163f 
cancer, 175b, 214b, 234b 
collapse, 234b-235b 
costal surface of, 163, 163f 
development of, 128 
fissures, 164, 165f, 166b, 228-229, 
230f 
high-resolution CT of, 174b 
hilum of, 159-160, 163-164, 164f 
imaging of, 174b 
inferior border of, 163, 163f 
inferior lobe, 164, 165f, 167f 
innervation, 172, 172f 
in intercostal space, 148f-149f 
left, 166, 167f 
lingula of left, 166, 167f 
listening to, 166b, 229 
lymphatic drainage in, 172, 173f 
mediastinal surface of, 163, 163f 
middle lobe, 164, 165f 
in pleural cavities, 163-172 
in pneumonia, 240b-241b 


Lung(s) (Continued) 
posterior borders of, 163, 163f 
right, 165f, 166 
root of, 159-160, 163-164, 164f 
segments of, 169f 
stethoscope positions, 232f 
superior lobe, 164, 165f, 167f 
in superior thoracic aperture, 127f 
trauma, 234b-235b 
upper lobe, 164 
veins, 163 
visualizing, 228-229, 230f, 231f 
LI vertebra 
as plane, 262 
visualizing structures at level of, 386, 
386f 
LIII vertebra, 7Of 
LIV vertebra 
spinous process of, 114-115, 
114f-116f 
LV vertebra 
sacralization of, 78b 
spinous process of, 115f-116f 
Lymph, 32 
Lymphatic capillaries, 31f 
Lymphatic clusters, 32f 
Lymphatic drainage,, 32f 
in abdomen, 341, 341f, 372f, 372t 
abdominal, 372-373 
in abdominal wall, 282 
in axilla, 709 
in breast, 138, 138f 
clinical, of head and neck, 985b 
in esophagus, 216 
in face, 872, 872f 
in gingivae, 1058, 1058f 
gluteal, 554 
in heart, 200 
in kidneys, 359 
in larynx, 1011 
in lower limbs, 542-543, 543f, 
554 
in nasal cavity, 1029, 1030f 
in neck, 981-982, 982f, 983-984, 
983f 
in palate, 1053, 1053f 
in pelvis, 477, 478f 
in perineum, 496, 496f 
in pharynx, 995, 995f 
in pleural cavities, 172, 173f 
in scalp, 877-878, 877f 
in teeth, 1058, 1058f 
in thoraic wall, 154, 154f 
in tongue, 1044 
in ureters, 361 
Lymphatic ducts, 32-33 
Lymphatic system, 31-33 
Lymphatic trunk(s), 32-33 
Lymphatic vessels, 31-32, 31f, 32f 
Lymph nodes, 31f, 32 
back pain and, 111b 
cancer in, 373, 393b-394b 
clinical drainage of, 985b 
deep, 32f 
in disease, 33b 
enlarged, 985b 
imaging of, 33f 
surgery, retroperitoneal, 373 
vagus nerve and, 214b 
Lymphocytes, 33b 
Lymphoid tissue, 31f 
Lymphoma, 33f 
Hodgkin's, 393b-394b 


M 
Macula lutea, 901 
Magnetic resonance imaging (MRI), 9- 
10, 10f 
of gastrointestinal tract, 306b 
of head, 828 


Magnetic resonance imaging (MRI) 
(Continued) 
interpretation of, 13 
weighting of, 10, 10f, 11f 
Malleolar artery 
anterior lateral, 599, 624f 
anterior medial, 599, 624f 
Malleolar fold 
anterior, 905, 905f 
posterior, 905, 905f 
Malleolar fossa, 587, 587f 
Malleolus 
lateral, 517f, 519f, 587, 587f 
medial, 517f, 519f, 586, 587f 
Malleus, 904f, 910, 910f, 919f 
anterior process, 910 
handle of, 904, 905f, 910 
head of, 910 
lateral process, 910 
neck of, 910 
Malrotation, of midgut, 313b, 313f 
Mammary gland, 137 
axillary process of, 709-710, 
710f 
Mandible, 813f, 814, 816, 922f, 1033- 
1034, 1033f 
alveolar part, 813f, 814, 815f 
angle of, 813f, 814, 815f, 922, 922f, 
1033f, 1062f 
base of, 814 
body of, 813f, 814, 815f, 1033f 
head of, 922, 922f, 1062f 
movements of, 924, 924f 
neck of, 922, 922f 
ramus of, 813f, 814, 815f, 920f, 922, 
1033f 
Mandibular foramen, 922, 922f, 1033f, 
1034 
Mandibular fossa, 820f, 821, 920f, 921f, 
923f 
Mandibular nerve, 797f, 807f, 808f, 
850f, 852, 866f, 867-868, 867f, 
931-935, 1042f 
auriculotemporal branch of, 903f 
branches, 932, 932f 
to medial pterygoid, 932 
meningeal branch, 932, 932f 
posterior trunk, 933f-934f 
Mandibular notch, 922, 922f 
Mandibular symphysis, 1033-1034, 
1033f 
Manubriosternal joints, 146, 146f, 
147b 
Manubrium of sternum, 124f, 125b, 
127f, 225f, 668 
Marginal artery, 312f, 336 
Marginal vein 
lateral, 525f 
medial, 525f 
Masseter, 863f, 920f, 925-926, 925f, 
925t 
Masseteric artery, 925f, 938f 
Masseteric nerve, 925f, 932f, 933 
Mastication muscles, 925t 
Mastoid antrum, 907f, 908f, 909 
Mastoid cells, 909 
Mastoiditis, 909b 
Mastoid nodes, 877f, 878, 983-984, 
983f 
Mastoid notch, 817, 817f, 820f 
Mastoid process, 677f, 815f, 816, 817f, 
820f, 921f, 1032f-1033f, 1062f 
Maxilla, 813f, 814, 815f, 878f, 921, 
1031 
Maxillary artery, 832f, 870f, 928f, 936- 
939, 938f, 946-947, 959f, 960t, 961, 
994f, 1052f 
branches, 871, 937-938, 938f, 946- 
947, 946f 
Maxillary hiatus, 1016 


Maxillary nerve, 797f, 808f, 850f, 852, 
866f, 867, 867f 
branches, 942-944 
nasal branches, 1029 
orbital branches, 942 
Maxillary process, 922 
Maxillary sinus(es), 796f, 797, 1015f, 
1017f, 1018f-1019f, 1020 
Maxillary vein, 864, 939f, 951f, 952, 
1053f 
McBurney’s point, 309, 388 
Meckel’s diverticulum, 306b 
Medial, as anatomical direction, 5f, 6 
Medial ligament, in ankle, 605-606, 
606f 
Median arcuate ligament, 156 
Median nerve, 660f, 662f, 702t—703t, 
704f, 706-707, 707f, 720, 722f, 729, 
730f, 743-744, 744f, 757f, 772, 773f 
in carpal tunnel syndrome, 788 
examination of, 790b 
injury, 724b 
lateral root of, 706-707 
medial root of, 706 
motor functions, 783-784, 783f 
palmar branch, 744f, 773f 
recurrent branch, 772, 773f, 783, 783f 
Median sagittal plane, 6 
Mediastinal pleura, 159, 160f 
Mediastinum, 124f, 125, 128, 159f, 
176-223 
anterior, 128f, 176, 177f, 223 
contents of, 176 
inferior, 128f, 176, 177f 
major vessels in, 203f 
middle, 128f, 176, 177-204, 177f 
posterior, 128f, 176, 177f, 215-223 
regions of, 176 
subdivisions of, 177f 
superior, 128f, 176, 177f, 204-215, 
205f, 2078, 2118, 227f 
cross-section, 205f, 211f 
innervation, 211-214 
visualizing structures in, 227, 227f 
Mediastinum testis, 448, 449f-450f 
Medulla oblongata, 836f, 837 
Medullary arteries, segmental, 102f- 
103f, 103 
Melanoma, 403b 
Membranous labyrinth, 913, 915-917, 
915f, 916f 
Membranous lamina, 1033 
Meningeal artery 
accessory, 832, 939 
anterior, 832, 832f 
middle, 832, 832f, 938, 938f 
estimating position of, 1066, 1067f 
posterior, 832, 832f 
Meningeal layer, of dura mater, 830 
Meningeal nerves, 105f, 932f 
Meninges, 35, 62, 104-106, 105f, 830- 
834, 830f 
arrangement of, in cranial cavity, 35f, 
833f, 834 
arteries, 832 
innervation, 833 
Meningitis, 835b 
Meningocele, 76 
Meniscus (menisci), in knee, 576-577, 
576f-577f 
Mental artery, 870f, 871, 938f 
Mental foramen, 812t, 813f, 814, 815f, 
922f 
Mentalis, 856t-857t, 858f, 860f, 861 
Mental nerve, 866f, 867f, 933f-934f, 
935, 1059, 1059f, 1060f 
Mental protuberance, 813f, 814 
Mental spines 
inferior, 1034, 1036f 
superior, 1033f, 1034, 1036f 


Mental tubercle, 813f, 814 
Mesencephalon, 835, 836f 
Mesenteric arteries 
inferior, 262, 263f, 312f, 327, 328f, 
335-336, 335f, 367f, 368t 
distribution of, 335f 
lymphatic drainage of, 341 
superior, 262, 263f, 301f, 303f, 310f, 
312f, 327, 328f, 33 11, 3321, 333, 
359f, 367f, 368t 
branching, 332f 
distribuion of, 334f 
lymphatic drainage of, 341 
relationships, 332f 
Mesenteric ganglion 
inferior, 344f, 374f, 375f 
superior, 344f, 374f, 375f, 377f 
Mesenteric nodes 
inferior, 341, 341f, 372f 
superior, 341, 341f, 372f 
Mesenteric vein 
inferior, 337f, 338, 338f, 339, 340f 
superior, 320f, 332f, 337, 337f, 338- 
339, 338f, 340f 
Mesenteries, 251-253, 297 
development of, 257f 
dorsal, 251f 
posterior, 251f 
ventral, 251f 
Mesentery, 297, 297f 
Mesoappendix, 308-309, 309f 
Mesocolon 
sigmoid, 297, 297f 
transverse, 297, 297f 
Mesometrium, 461f-462f 
Mesosalpinx, 461f-462f 
Mesovarium, 454, 454f, 461f-462f 
Metacarpal artery 
dorsal, 769f 
palmar, 768f, 769f, 770 
Metacarpal ligaments, deep transverse, 
755, 7551, 7601; 761f 
Metacarpals, 654f, 752-754, 753f-754f 
Metacarpophalangeal joint, 755, 761f 
movements, 655f 
Metatarsal arteries 
dorsal, 623, 624, 624f 
plantar, 623f 
Metatarsal ligaments 
deep transverse, 518f, 611-612, 
611f 
superficial transverse, 615f 
Metatarsals, 517-518, 518f, 601f, 604, 
604f 
Metatarsophalangeal joint(s), 518, 611, 
611f 
Metencephalon, 835-837, 836f 
Microscopic anatomy, 4 
Midaxillary line, 161f 
Midbrain, 835, 836f 
Midclavicular line, 161f 
Midclavicular plane, 269f, 389, 389f 
Midfoot fractures, 606 
Midgut, 329, 329f 
development of, 256-259 
referred pain, 377t 
Midgut volvulus, 313b 
Midline raphe, 411f, 486f, 488 
Midtarsal joint, 518f 
Mitral valve, 191 
anterior cusp, 190f 
auscultation position for, 229f 
posterior cusp, 190f 
Mitral valve disease, 191b 
Moderator band, 187 
Modiolus, 860f, 914-915, 915, 915f, 
916f, 1034f 
Molars, 1056f, 1057 
Mons pubis, 487f, 498f, 500f-501f 
Monteggia’s fracture, 734 


Morton’s neuroma, 626b 
Motor efferents, 38 
Motor neurons, 36, 37f 
Mouth. See Oral cavity 
MRI. See Magnetic resonance imaging 
(MRI) 
Multifidus, 97, 98f-99f, 99t 
Multinodular goiter, 968b, 1071b-1072b 
Muscle(s), 27. See also individual muscles 
abdomen, 275f, 276-277, 350f 
abdominal wall, 250, 259, 274f 
anterolateral, 272-277 
arm, 231f, 715-717, 716t, 737t, 738f, 
740f, 745-750, 745t, 746f 
atrophy, 28b 
auricle, 903 
axillary, 686t, 688t, 690t, 694f 
back, 60, 61f, 86-100 
deep, 93-99, 94f, 95f, 96f, 98f, 100f 
extrinsic, 57, 60 
identifying, 116 
intermediate, 92 
intrinsic, 57, 60 
superficial, 87f, 88f, 90t 
cardiac, 27, 200 
ear, 903, 910-911, 911f, 911t 
epaxial, 35, 36f, 37f 
eye, 889f, 890f 
facial, 857-862, 856t-857t, 858f 
foot, 616-622, 617t, 618t, 618f, 619f, 
619t, 620f, 620t, 621f, 622t 
forearm, 231f, 736-744, 741t, 745- 
750, 745t, 746f 
gluteal, 548-551, 548t 
hand, 762-766, 763t 
head, 804 
hypaxial, 35, 37f 
injuries, 28b 
larynx, 1005-1007, 1006t 
leg, 588-592, 590f, 591f, 592t, 595- 
598, 595f, 595t, 596-598, 597f, 
598t 
lower limb, 518-520, 548-551, 548t, 
561-569, 561t, 564t, 565f, 568t 
mastication, 925t 
myotomes and, 39-40 
neck, 804, 954-958, 955t, 956f, 957f, 
969, 970t, 971f, 974t, 975f 
oral cavity, 1035t 
orbit, 887-891, 888t, 889f, 890f 
palate, 1048-1051, 1048t, 1049f 
paralysis, 28b 
pectoral region, 139-140, 140f 
pelvic diaphragm, 434t 
pelvic wall, 430, 431t 
perineal pouch, 438t, 485-487, 485t, 
A486f 
pharynx, 987-990, 988t, 988f, 989f, 
990t 
posterior abdomen, 349 
scapular posterior, 678-680, 679f, 
680t 
shoulder, 656f, 675-677, 678t 
skeletal, 27 
smooth, 27 
strains, 28b 
thigh, 561-569, 561t, 563f, 564t, 565f, 
568t 
thoracic wall, 148-151, 149t 
tongue, 1038-1041, 1038f, 1039t, 
1040f 
upper limbs, 655-657, 656f, 657f 
Muscular arteries, in eye, 893 
Muscular scoliosis, 77b 
Muscular system, 27 
Muscular triangle, 954, 954f, 968t 
Musculi pectinati, 186-187, 186f 
Musculocutaneous nerve, 660f, 662f, 
702t-703t, 704f, 706-707, 707f, 
720, 722f, 730f 


Musculofascial collar, 798f 
Musculophrenic artery, 152, 152f, 157f, 
281f, 282f 
Musculus uvulae, 1048t, 1051, 1051f 
Myelencephalon, 836f, 837 
Myelomeningocele, 76, 76f 
Myenteric plexus, 49, 50f, 345, 347f 
Mylohyoid, 803f, 929f, 936f-937f, 955t, 
956, 956f, 991f, 1035, 1035t, 1036f, 
1037f 
Mylohyoid groove, 922f 
Mylohyoid line, 922f, 1033f, 1034, 1036f 
Mylohyoid nerve, 933f-934f, 935 
Myocardial infarction, 142f, 196b, 
235b-237b 
aortic dissection and, 239b-240b 
blood tests in, 237 
chest radiograph in, 237 
coronary angiography in, 237 
dermatomes in, 142f 
electrocardiography in, 237 
exercise testing in, 237 
nuclear medicine in, 237 
vs. pericarditis, 179b 
Myocardium, 190 
Myotomes, 39-40, 39f, 661f 
Myxedema, 968b 


N 
Nares, 796, 796f, 1021f, 1024, 1024f 
Nasal aperture, posterior, 796, 796f, 820f 
Nasal artery 
alar branch, 1026f 
dorsal, 871, 892f, 893 
external, 1026f 
lateral, 870f, 1026f, 1027 
septal branch, 1026f 
Nasal bone, 815f, 1020f, 1021f, 
1022f-1023f 
Nasal cavity, 796, 796f, 799f, 1013- 
1029, 1013f 
arteries, 1016, 1026-1027, 1026f 
bones, 1016-1018 
floor, 1014f, 1021, 1021f 
lateral wall, 1014-1015, 1014f, 1021- 
1022, 1022f-1023f 
lymphatics, 1029, 1030f 
meatus, 1014f 
medial wall, 1020, 1020f 
nerves, 1016, 1028-1029, 1028f 
regions, 1015 
roof, 1014f, 1021, 1021f 
veins, 1027-1028, 1028f 
Nasal choanae, 796, 796f, 1024, 1025f 
Nasal concha 
inferior, 813f, 814, 1014f, 1017f, 
1018f, 1022f-1023f 
middle, 1014f, 1017f, 1018f, 
1022f-1023f 
superior, 1014f, 1017f, 1018f, 
1022f-1023f 
Nasal crest, 813f, 814, 1021f 
Nasalis, 856t-857t, 858f, 859-860, 1024f 
Nasal meatus 
inferior, 1014f 
middle, 1014f 
superior, 1014f, 1022f-1023f 
Nasal nerves, 943, 943f 
external, 866f, 867f, 1029 
posterior inferior, 1029 
posterior inferior lateral, 943, 1028f 
posterior superior lateral, 1028f, 1029 
posterior superior medial, 1029 
Nasal region, 812 
Nasal septum, 814, 1014f, 1018f-1019f, 
1020f, 1049f 
Nasal spine, 813f 
anterior, 814, 1021f 
posterior, 819, 820f, 1031, 
1032f-1033f 
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Nasal vein, 1028f 
lateral, 870f 
Nasal vestibule, 1015, 1015f 
Nasion, 813, 813f 
Nasociliary nerve, 895f, 896-897, 897f 
ethmoidal branches, 1019 
Nasolacrimal duct, 883f, 884f, 1015f, 
1022f-1023f, 1068f 
Nasopalatine nerve, 943, 1028f, 1029, 
1052f, 1054, 1054f, 1060f 
Nasopharynx, 799, 799f, 991-993 
Navicular, 518f, 601f, 604 
Navicular fossa, 445f-446f, 484f 
Neck, 947-984. See also Larynx; 
Pharynx 
airway in, 806 
anterior midline of, 811f 
anterior triangle of, 811f, 954-968, 
954f, 968t, 1063, 1064f 
arteries, 958-961, 959f, 960t, 966- 
967, 966f, 970-973, 976-978, 
977f 
base of, 798 
boundaries of, 798f 
cervical vertebrae in, 802-803, 802f 
clinical lymphatic drainage of, 985b 
communication function, 800 
compartments, 798, 798f, 947f 
component parts, 800-804 
fascia, 948-950, 949f 
investing layer, 948 
pretracheal layer, 950 
prevertebral layer, 948-949 
functions, 799-800 
general description, 798-799 
key features, 806-811 
lymphatics, 981-982, 982f, 983-984, 
983f 
muscles, 804, 954-958, 955t, 956f, 
957f, 969, 970t, 971f, 974t, 
975f 
nerves, 807, 961-964, 962f, 963f, 
964f, 973-975, 973f, 978-981, 
979f, 980f 
posterior triangle of, 811f, 968-975, 
969f, 1063, 1064f 
prevertebral compartment, 947f 
pulse points, 1070, 1070f 
relationship to other regions, 805 
root of, 976-984, 976f 
structures in, 799f 
superficial compartment, 947f 
surface anatomy, 1061, 1061f 
sympathetic nervous system in, 
979-981 
thorax and, 129, 129f, 805 
triangles of, 811, 811f 
upper limbs and, 657, 658f, 805 
vascular compartment, 798, 798f, 
947f 
veins, 950-952, 951f, 961, 966f, 971f, 
973, 978 
vertebral compartment, 798, 798f, 947f 
visceral compartment, 798, 798f, 947f 
Nephrostomy, 363b 
Nerve plexuses, 50, 51f 
Nerves. See also individual nerves 
abdominal, 259f, 266, 267f, 341-347 
posterior, 374 
abdominal wall, 259, 279-280 
arm, 218-220, 232f, 720-723, 722f, 
743-744, 744f 
axillary, 700-709, 700f 
brain, 848-854, 848t-849t, 850f, 851f 
breast, 137 
diaphragm, 134-135, 158 
dura mater, 833, 833f 
ear, 903f, 904, 905, 909, 912f, 917- 
919, 918f 
esophagus, 216, 218f 
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Nerves (Continued) 
eyelids, 881, 883f 
facial, 865-869, 866f, 868f 
foot, 624-627 
forearm, 218-220, 232f, 743-744, 
744f 
gingivae, 1059-1060, 1060f 
gluteal, 551-554, 552f-553f 
hand, 770-774, 771f, 773f 
head, 807 
heart, 200-203, 202f 
knee, 581 
lacrimal gland, 882, 884f 
larynx, 1012-1013, 1012f 
legs, 594-595, 596, 599 
lower limbs, 521-524, 522f, 523f, 
537-540, 539t, 551-554, 552f- 
553f, 573-575 
related to bones, 525, 525f 
mediastinum, superior, 211-214 
nasal cavity, 1016, 1028-1029, 1028f 
neck, 807, 961-964, 962f, 963f, 964f, 
973-975, 973f, 978-981, 979f, 
980f 
oral cavity, 1031 
orbit, 893-898, 894f 
palate, 1052f, 1054, 1054f 
parotid gland, 864 
pelvic cavity, 462-471 
pericardium, 178-179 
perineal, 490 
peritoneum, 292-293 
pharynx, 996-997, 996f 
salivary glands, 1046-1047, 1046f 
scalp, 874-875, 875f 
scapular, 682 
spinal, 107-110 
anterior rami of, 107 
anterior roots, 107 
dermatomes and, 38-39 
myotomes and, 39-40 
posterior rami, 107 
posterior roots, 107 
teeth, 1059-1060, 1059f, 1060f 
thigh, 573 
thoracic wall, 154-155 
tongue, 1042-1044, 1042f, 1043f 
upper limbs, 659-663, 660f, 661f, 
662f 
related to bone, 523f, 663 
ureters, 361 
Nervous system, 34-51 
brain in, 34 
central, 34-35, 34f 
functional subdivisions of, 35-51 
somatic part of, 35, 35-40, 36f 
development of, 36f, 37f, 41f 
enteric, 49, 50f 
meninges in, 35 
parasympathetic, 41, 42, 42f, 48-49, 
A8f 
in nasal cavity, 1029 
salivary glands in, 1046-1047 
peripheral, 34f 
protection of, by back, 58 
spinal cord in, 34 
sympathetic, 41-46, 42f, 43f, 134 
lungs in, 172, 172f 
in nasal cavity, 1029 
in neck, 979-981, 980f 
stomach in, 345-347 
visceral part of, 41-51 
Neural crest, 36f 
Neuroma, Morton's, 626b 
Neuropathic scoliosis, 77b 
Nine-region pattern, of abdomen, 269, 
308f 
Nipple, 137 
Noncoronary cusp, 191 


Noncoronary sinus, 191 
Nose, 1018, 1018f. See also Entries at 
nasal 
Nostrils, 796, 796f, 1021f, 1024, 1024f 
Notochord, 36f 
Nuchal line 
inferior, 817, 817f, 820f 
superior, 677f, 817, 817f, 820f 
Nuclear medicine, 10-11 
in myocardial infarction, 237 
safety in, 13 
Nuclear medicine imaging 
interpretation of, 13 
of urinary tract, 366 
Nucleus pulposus, 79-80, 81b 


O 
Obesity, surgery for, 347b 
Oblique fissure, 164, 165f, 166, 166b, 
167f 
Oblique line, 813f 
Oblique muscles (in eyes), 891 
inferior, 888t, 889f, 891 
superior, 888t, 889f, 890f, 891 
Oblique muscles (in trunk) 
in abdominal wall, 250f, 274f, 276t 
external, 250f, 272-274 
aponeurosis of, 272f, 273f, 287f 
in inguinal ring, 285f 
ligaments, 273 
internal, 250f, 274 
aponeurosis of, 274f 
in inguinal canal, 285f 
in rectus sheath, 277f 
Oblique popliteal ligament, 578, 578f 
Obliquus capitis inferior, 98f, 100f, 100t 
Obliquus capitis superior, 98f, 100t 
Observation, 4 
Obstetric measurements, of pelvis, 
433b 
Obturator artery, 473f-474f, 474, 536f, 
540, 541f, 571, 5726 
anterior branch, 571 
posterior branch, 571 
Obturator canal, 414, 414f-415f, 431, 
432f, 535, 541f 
Obturator externus, 564t, 565f, 567, 
5671 
Obturator foramen, 408f, 423, 527f, 534f 
Obturator groove, 424, 424f, 535 
Obturator internus, 409, 409f-410f, 430, 
431t, 431f, 466, 548t, 549-550, 
549f 
Obturator membrane, 423, 534f 
Obturator nerve, 378t, 378f, 379f, 381, 
463f, 466, 522f, 523f, 524f, 538, 
538f, 539t, 574, 574f 
anterior branch, 381, 574 
cutaneous branch, 380f 
posterior branch, 381, 574 
Obturator vein, 476f, 542f 
Occipital artery, 832, 832f, 870f, 876- 
877, 876f, 959f, 960t, 961, 1042f 
in deep back muscle vasculature, 93 
meningeal branch, 832f 
sternocleidomastoid branch, 1042f 
in suboccipital vasculature, 100 
Occipital bone, 815f, 816-817, 820-821, 
822f 
sqamous part, 827 
Occipital condyles, 72f-74f, 820f, 821 
Occipital crest 
external, 817, 817f, 820f 
internal, 826f 
Occipital lobe, 836f 
Occipital nerves, 867f 
greater, 87f, 867f, 875, 875f 
lesser, 875, 875f, 903f, 973f, 974f, 975 
third, 875, 875f 


Occipital nodes, 877f, 983, 983f 
Occipital protuberance 
external, 83f, 112, 113f, 677f, 817, 
817f, 820f, 1062f 
internal, 826f 
Occipital sinus, 843t 
Occipital triangle, 969, 969f 
Occipital vein, 870f, 876f, 877, 951f, 961 
Occipitofrontalis, 856t-857t, 858f, 862, 
874f 
Occipitomastoid suture, 814, 815f, 817f 
Oculomotor nerve, 807f, 844f, 848t- 
849t, 850, 850f, 851f, 894, 894f 
inferior branch, 894f 
lesions, 855b 
Olecranon, 713, 714f-715f 
Olecranon fossa, 713, 713f 
Olfactory bulb, 850f, 851f, 1028f 
Olfactory foramina, 824t 
Olfactory nerves, 849-850, 848t-849t, 
850f, 1028-1029 
lesions, 855b 
septal branches, 1028f 
Olfactory region, 1015, 1015f 
Omental appendices, 307f, 308 
Omental bursa, 256, 257f, 293 
Omental cake, 296b 
Omental foramen, 256, 323 
Omentum, 295 
greater, 295, 296b 
lesser, 295, 296f 
Omoclavicular triangle, 969, 969f 
Omohyoid, 806f, 955t, 956, 969, 970t, 
971f 
Ophthalmic artery, 837, 837f-838f, 892f 
branches, 871, 876 
Ophthalmic nerve, 807f, 808f, 850f, 852, 
866-867, 867f, 894f, 895-897, 896 
divisions of, 895f 
frontal branch of, 894f 
lacrimal branch, 894f 
nasal branches, 1029 
nasociliary branch of, 894f 
superior branch of, 894f 
Ophthalmic vein(s), 842f, 871f 
inferior, 893, 893f, 939f 
superior, 893, 893f 
Ophthalmoscopy, 900b, 900f 
Opponens digiti minimi, 763t, 765f, 766 
Opponens pollicis, 763t, 765-766, 765f 
Optic canal, 824, 824t, 825f, 878f, 885, 
885f 
Optic disc, 898f, 901 
Optic nerve, 848t-849t, 850, 850f, 851f, 
894, 894f 
lesions, 855b 
Oral cavity, 796f, 797, 799f, 1030-1060, 
1030f 
bones, 1031-1034 
floor, 1030f, 1035-1037, 1037f 
muscles, 1035t 
nerves, 1031 
proper, 1030 
roof of, 1047-1054 
skull and, 1032f-1033f 
walls, 1034-1035, 1034f 
Oral fissure, 797, 1030, 1030f, 1055, 1056f 
Oral vestibule, 1030, 1030f, 1037f 
Ora serrata, 898f, 901 
Orbicularis oculi, 797f, 856t-857t, 858f, 
859, 879-880, 879f 
Orbicularis oris, 797f, 856t-857t, 858f, 
860, 860f, 1034f 
Orbit, 796, 878-901 
arteries, 892-893, 892f 
axis of, 888f 
bony, 878-879, 878f 
fascial specializations in, 886-887 
fissures, 885-886 


Orbit (Continued) 
floor, 879 
foramina, 885-886 
inferior margin of, 1062f 
lateral wall, 879 
medial wall, 878-879 
muscles, 887-891, 888t, 889f, 890f 
nerves, 893-898, 894f 
roof, 878 
veins, 893, 893f 
Orbital fissure, 796f 
inferior, 878f, 885-886, 940f, 942f 
superior, 824t, 825, 825f, 878f, 885, 
885f 
Orbital fracture, 1077b, 1077f 
Orbital muscles, 857-859 
Orbital plate, 1016, 1017f, 1018f-1019f 
Orbital septum, 879f, 880, 880f, 886 
Oropharyngeal isthmus, 797, 809f-810f, 
992f, 1030f, 1055 
Oropharynx, 799, 799f, 993, 1037f 
Osteoarthritis, 24b-25b, 582b 
Osteoarthrosis, 24b-25b 
Osteophytes, 24f 
Osteoporosis, 19b 
in vertebrae, 79b 
Osteoporotic wedge fractures, 77 
Ostomies, 315-316 
Otic ganglion, 48f, 807f, 853t, 936f- 
937f, 1046f 
Oval fossa, 187 
Oval window, 906f, 907f, 908, 919f 
Ovarian arteries, 367f, 368, 368t, 474- 
475, 475f 
left, 260f 
Ovarian lymph, 478f 
Ovarian vein(s), 370f, 477 
Ovary(ies), 453f, 454, 454f 
cancer, 455b 
development of, 283 
imaging of, 455b 
ligament of, 453f, 454f, 460-462 
suspensory ligament, 454f, 460, 
474-475 


p 
Pacemaker, broken, 238b 
Pain 
back, 81b, 111b, 118b 
pancreatic, 111b 
referred, 52b 
renal, 111b 
Palate, 1047-1054, 1047f 
arteries, 1052-1053, 1052f 
hard, 819, 820f, 1047-1048, 1047f 
lymphatics, 1053, 1053f 
muscles, 1048-1051, 1048t, 1049f 
nerves, 1052f, 1054, 1054f 
soft, 804, 804f, 809f-810f, 992f, 
1021f, 1030f, 1041f, 1047f, 
1048-1051, 1050f 
veins, 1053, 1053f 
Palatine aponeurosis, 1041f, 1048- 
1050, 1049f 
Palatine artery 
ascending, 994f, 1052, 1052f 
descending, 946f 
greater, 946, 1026f, 1027, 1052-1053, 
1052f 
lesser, 946f, 1052f 
Palatine bone, 819, 820f, 878f, 1031- 
1032, 1032f-1033f 
Palatine canal, 819, 940f, 942f, 1054f 
Palatine folds, 1047-1048 
Palatine foramen 
greater, 812t, 819, 820f, 1032f-1033f, 
1052f, 1054f 
lesser, 812t, 819, 820f, 1032f-1033f, 
1052f, 1054f 


Palatine glands, 1046f 
Palatine nerves, 1046f 
greater, 943, 943f, 1052f, 1054, 1054f, 
1060f 
lesser, 943, 943f, 1052f, 1054, 1054f 
Palatine process, 819, 1032f-1033f 
Palatine raphe, 1047-1048, 1047f 
Palatine rugae, 1047-1048 
Palatine tonsil, 989f, 992f, 1050f, 1051f 
Palatoglossal arch, 992f, 1050, 1050f 
Palatoglossus, 1038f, 1039t, 1041, 
1041f, 1048t, 1051, 1051f 
Palatomaxillary suture, 819 
Palatopharyngeal arch, 992f, 1050, 
1050f 
Palatopharyngeal sphincter, 988, 989f, 
992f, 1049f 
Palatopharyngeus, 989f, 990, 990t, 
1048t, 1049f, 1050-1051 
Palatovaginal canal, 940f, 942f, 1025f 
Palmar aponeurosis, 758, 758f 
Palmar arch, 742f, 767-769, 768f 
deep, 742f, 769-770, 769f 
superficial, 742f 
visualization of, 784, 784f 
Palmar artery, deep, 768f 
Palmar branch, superficial, 743 
Palmar carpal branch, 743 
Palmaris brevis, 759, 763t 
Palmaris longus, 737t, 738f, 739 
Palmaris longus tendon, 757f, 781f, 782 
Palmar ligament, 755f, 760f, 761f 
Palmar radiocarpal ligament, 755 
Palmar ulnocarpal ligament, 755 
Palpebral arteries, medial, 893 
Palpebral fissure, 879 
Palpebral ligament, 880, 880f 
Pampiniform plexus, 504, 504f 
Pancoast’s tumor, 214b 
Pancreas, 320-322, 320f, 321f 
annular, 322b 
arteries, 322, 322f, 331f 
head of, 320 
kidneys and, 356f 
neck of, 320 
tail of, 320 
Pancreatic artery, 322f 
Pancreatic bud, 257f, 322b 
Pancreatic cancer, 111b, 398b-399b 
Pancreatic duct, 320 
accessory, 320, 321f 
main, 321f 
Pancreatic duct system, 321f 
Pancreaticoduodenal artery 
anterior inferior, 301f, 331f, 332f 
anterior superior, 298f, 324f, 331, 
331f, 332f 
inferior, 331f, 332f, 333, 334f 
posterior inferior, 301f, 331f, 332f 
posterior superior, 298f, 324f, 331f, 
332f 
superior, 330f, 331f 
Pancreaticoduodenal vein 
anterior inferior, 339 
posterior inferior, 339 
Pancreatic pain, 111b 
Pancreatic veins, 338 
Pancreatitis, 111b 
Papillae, 1038 
filiform, 1037f 
foliate, 1037f 
fungiform, 1037f 
incisive, 1047-1048 
lacrimal, 1068f 
vallate, 1037f 
Papillary muscle, 187 
anterior, 187, 188f, 190, 190f 
posterior, 188f, 190, 190f 
septal, 187, 188f 


Paracolic gutter, 311 
left, 311f 
right, 311f 
Paralysis, muscle, 28b 
Paralytic ileus, 296b 
Paranasal sinuses, 796f, 797, 844f, 
1018-1020, 1018f-1019f 
Paranephric fat, 358 
Pararenal fat, 358 
Parasternal lymphatic vessel 
left, 173f 
right, 173f 
Parasternal nodes, 138f, 154, 154f 
Parasympathetic fibers, in pelvis, 471 
Parasympathetic ganglia, in head, 853t 
Parasympathetic nervous system, 41- 
42, 42f, 48-49, 48f 
in abdomen, 345, 346f 
erection and, 418 
in heart, 203 
in nasal cavity, 1029 
in pelvis, 418 
salivary glands in, 1046-1047 
Parasympathetic root, 344 
Parathyroid gland(s), 964-967 
ectopic, in thymus, 206b 
Paratracheal nodes, 995, 995f 
Para-umbilical veins, 337, 338f 
Para-urethral gland, 487f, 488, 500f-501f 
Paravertebral sympathetic trunk, 45, 
47f, 135f 
Parietal bone, 815f, 817f, 822f 
Parietal foramen, 812t, 818f 
Parietal lobe, 836f 
Parietal pelvic fascia, 275 
Parietal peritoneum, 277f 
Parietal pleura, 128, 129f, 159-161, 
159f, 160f 
Parietomastoid suture, 815f, 816 
Parotid duct, 861f, 863, 1044f 
Parotid duct calculus, 1072b-1073b, 
1072f 
Parotid gland, 48f, 863-864, 863f, 1044, 
1044f 
stones, 865 
tumors, 865 
vasculature, 1046 
Parotid nodes, 872, 872f, 877f, 983f, 984 
Pars flaccida, 905, 905f 
Pars interarticularis, 85, 85f 
Pars interarticularis fractures, 85, 85f 
Pars tensa, 905 
Patella, 517f, 558, 558f 
Patellar ligament, 560, 563f, 564, 578, 
579f 
Patent ductus arteriosus, 197b 
Peau d'orange, 139b 
Pecten pubis, 273, 424 
Pectinate line, 439 
Pectinate muscles, 186-187, 186f 
Pectineal ligament, 273 
Pectineal line, 273f, 424, 424f, 529-531, 
530f, 531f 
Pectineus, 564t, 565f, 566, 566f 
Pectoral axillary nodes, 138f 
Pectoral fascia, 131f 
Pectoralis major, 131f, 139, 140f, 140t, 
672f, 686-687, 686f, 686t, 690f, 778f 
in abdominal wall, 272f 
clavicular part, 686f 
in shoulder, 656f 
sternocostal part, 686f 
Pectoralis minor, 139-140, 140t, 140f, 
686t, 687f, 688, 688t 
Pectoral muscles, 140f 
Pectoral nerves 
lateral, 702t-703t, 704f, 706-707, 707f 
in pectoralis major innervation, 
140t 


Pectoral nerves (Continued) 
medial, 702t-703t, 706, 707f 
in pectoralis major innervation, 
140t 
in pectoralis minor innervation, 
140t 
Pectoral nodes, 709, 710f 
Pectoral region, 130, 137-140 
Pedicle, 60f, 71, 71f 
Pelvic appendix, 309f 
Pelvic bone, 254f, 349, 421-425 
components, 423-425, 424f 
inguinal ligament and, 536-537 
lateral surface, 424f 
ligament attachments, 424f 
medial surface, 424f 
in skeletal framework of back, 56f 
Pelvic brim, 260f 
Pelvic cavity, 255f, 406, 406f, 411, 412f. 
See also Pelvis 
fascia in, 458, 459f 
nerves in, 462-471 
orientation, 254f 
peritoneum in, 460-462, 461f-462f 
posterior projection of, 415 
structures crossing ureters in, 415, 
416f 
Pelvic diagphragm, 411, 411f, 432-436, 
434f 
muscles, 434t 
Pelvic floor, 411, 411f, 432-437 
Pelvic fractures, 528b-529b 
Pelvic inlet, 246, 246f-247f, 250f, 254, 
254f, 260f, 408-409, 408f, 429f 
female, 429f 
male, 429f 
Pelvic innervation, 46, 47f 
Pelvic kidney, 505b, 505f 
Pelvic outlet, 406, 406f, 409, 410f, 432, 
433f 
Pelvic plexus, 342 
of veins, 477 
Pelvic viscera, 438-458 
in parasympathetic system, 48f 
in sympathetic system, 43f 
Pelvic walls, 409, 409f-410f, 429-432 
apertures, 431-432, 432f 
ligaments, 429-430 
muscles, 430, 431t 
Pelvis. See also Pelvic cavity 
abdomen and, 254, 255f, 414, 
414f-415f 
anal canal in, 439 
arterial supply of, 471-477 
back and, 64f, 65 
bones in, 349, 421-426, 422f 
bony, 526-528, 526f 
component parts, 408-414 
as container, 406, 407f 
false, 406, 406f 
fascia in, 458, 459f 
female, 428, 429f 
floor of, 411, 411f 
fracture of, 426b 
functions, 406-408 
gastrointestinal tract in, 439 
gender differences, 428, 429f 
general description, 406, 406f 
greater, 406, 406f 
joints in, 426-428 
key features, 415-420 
lesser, 406, 406f 
in lower limb anatomy, 526-528, 526f 
lower limbs and, 414, 414f-415f, 521 
lymphatics, 477, 478f 
male, 428, 429f 
obstetric measurements, 433b 
orientation of, 428, 428f, 497, 497f 
parasympathetic fibers in, 471 
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Pelvis (Continued) 
perineum in, 412-414, 413f 
prevertebral plexus in, 469-471 
pudendal nerve and, 418 
rectum in, 439 
regional anatomy, 421-496 
reproductive system in, 406, 407f, 
448-458 
surface anatomy, 497-502 
sympathetic fibers in, 471 
true, 406, 406f, 429-438 
urinary system in, 441-446 
vasculature, 471-477 
veinous drainage of, 476f, 477 
viscera, 438-458 
walls of, 409, 409f-410f, 429-432 
Penis, 484-485, 488, 488f 
body of, 484 
bulb of, 484, 484f 
crus of, 502f-503f 
deep artery of, 493f, 494 
development of, 260 
dorsal arteries of, 475, 493f, 494 
dorsal nerve of, 490, 490b 
dorsal veins of, 473f-474f, 494, 495f 
erectile tissue, 484f 
erection of, 418, 419f, 485 
frenulum of, 488-489, 488f, 502f-503f 
fundiform ligament of, 272, 485, 
A486f 
glans, 408f, 484f, 488f 
prepuce of, 488f, 489, 502f-503f 
raphe of, 488-489, 502f-503f 
root of, 408f, 484 
suspensory ligament of, 485, 486f 
Perforating arteries, 570, 571f 
first, 536f 
second, 555f 
third, 555f 
Perforating cutaneous nerve, 538f, 
539t, 540, 554 
Pericardiacophrenic artery 
left, 157f 
right, 157f 
Pericardiacophrenic vessels, 177, 178f 
Pericardial cavity, 177, 177f 
Pericardial effusion, 179b 
Pericardial sac, 179f, 206f 
Pericardial sinus 
oblique, 178, 179f, 203f 
transverse, 178, 179f 
Pericarditis, 179b 
constrictive, 180b 
Pericardium, 177-179 
fibrous, 177, 177f 
nerves, 136f, 178-179 
parietal layer, 177 
serous, 177, 177f 
vasculature, 178-179 
visceral layer, 177 
Pericranial ring, 32f 
Pericranium, 818f, 873f, 874 
Perineal artery, 493, 493f 
Perineal body, 419, 420f, 438, 438f, 498f 
Perineal flexure, 435 
Perineal membrane, 411, 436-437, 
436f-437f, 479f, 480 
Perineal muscle 
deep transverse, 437, 438f, 438t 
superficial transverse, 485t, 486f, 
487 
Perineal nerve, 490, 490b 
Perineal pouch 
deep, 411, 411f, 436-437, 436f-437f, 
480 
muscles of, 438f, 438t 
superficial, 483-487 
muscles, 485-487, 485t, 486f 
Perinephric fat, 356 
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Perineum 
arteries, 492-494, 493f 
borders of, 478-480, 479f 
ceiling of, 478-480, 479f 
as container, 406, 407f 
dermatomes, 417f 
female, 413f 
functions, 406-408 
general description, 406, 406f 
lower limbs and, 521 
lymphatics, 496, 496f 
male, 413f, 461f-462f 
margins of, 497-499, 498f 
nerves, 417 
orientation of, 497, 497f 
in pelvis, 412-414, 413f 
regional anatomy, 478-496 
somatic nerves, 490 
surface anatomy, 497-502 
vasculature of, 492-494 
veins, 494, 495f 
visceral nerves in, 492 
Periorbita, 886, 886f 
Periosteal layer, of dura mater, 830 
Peripheral nervous system, 34f 
Peripheral sympathetic innervation, 44, 
AAf 
Peripheral vascular disease, 572b 
Perirenal fat, 356 
Peristalsis, 345 
Peritoneal bulge, 289f 
Peritoneal cavity, 246, 246f-247f, 
293-297 
cancer and, 294, 294f 
cross-section, 293f 
greater and lesser sacs of, 292f 
Peritoneal dialysis, 294 
Peritoneal ligaments, 297 
Peritoneum, 251f, 279, 292-293 
disease spread and, 294 
female, 460-462, 461f-462f 
innervation, 292-293 
in medical applications, 294b 
parietal, 251f, 252f, 277f 
in pelvic cavity, 412f, 460-462, 
461f-462f 
visceral, 251f, 252f 
Peritonitis, 303 
Perpendicular plate, 1016, 1017f, 1020f, 
1022f-1023f 
Pes anserinus, 563f 
PET. See Positron emission tomography 
(PET) 
Petrosal nerves 
deep, 944f, 945, 1054f 
greater, 852,917,918f,945, 1046f, 1047 
grooves for, 912f 
lesser, 853, 907f, 912f, 935-936, 
936f-937f 
Petrosal sinus 
inferior, 842f, 843t, 844, 961 
groove for, 826f 
inferior, groove for, 827 
posterior, 842f 
superior, 842f, 843t, 844 
Petrotympanicfissure, 919-920, 921f, 929f 
Phalanges (foot), 601f, 604-605, 604f 
Phalanges (hand), 654f, 753f-754f, 754 
Pharyngeal artery, 946f 
ascending, 832, 832f, 909, 959f, 960, 
960t, 994f, 1052f 
meningeal branch, 832f 
palatine branch, 1052, 1052f 
Pharyngeal cavity, 984f 
Pharyngeal constrictors, 987-989 
inferior, 803f, 988t, 989, 989f, 991f 
middle, 803f, 929f, 988t, 989, 989f, 
991f, 1037f 
superior, 861f, 929f, 988-989, 988t, 
989f, 991f, 1034f, 1037f 


Pharyngeal isthmus, 1030f 
Pharyngeal nerve, 943, 943f 
Pharyngeal plexus, 996 
Pharyngeal raphe, 987f, 1049f 
Pharyngeal recess, 991, 992f 
Pharyngeal tonsil, 991, 992f 
Pharyngeal tubercle, 820f, 986f, 987f 
Pharyngeal vein, 961 
Pharyngeal wall, 987-990 
gaps, 990-991, 991f 
Pharyngobasilar fascia, 990 
Pharyngotympanic tube, 821, 902f, 
904f, 906f, 909, 909f, 1032f-1033f 
cartilaginous part, 1033, 1049f 
fibrous part, 1049f 
Pharynx, 799, 808-809, 985-997 
arteries, 994, 994f 
attachment of, 986f, 987f 
fascia, 990, 991f 
lateral walls, 987 
lymphatics, 995, 995f 
mucosal features, 992f 
muscles, 987-990, 988t, 988f, 989f, 
990t 
nerves, 996-997, 996f 
veins, 995, 995f 
Philtrum, 1055, 1056f 
Phonation, 1008f, 1009 
Phrenic arteries 
in diaphragm vasculature, 157f 
inferior, 157-158, 157f, 365f, 367f, 
368, 368t 
in posterior abdomen, 351f 
superior, 157-158, 219t 
Phrenic nerves, 214, 351f, 705f, 974, 
974f, 975f, 978, 979f, 980f 
in cervical trauma, 118b 
in diaphragm innervation, 134-135, 
134, 136f, 157f, 158, 353 
left, 136f, 157f, 178f, 214 
in mediastinum, 178f 
pericardial branch of, 136f 
in posterior abdomen, 351f 
right, 136f, 178f, 212f, 214 
Pia mater, 35, 35f, 62, 62f, 63f, 105-106, 
105f, 830f, 833, 833f 
Piriform aperture, 813, 813f 
Piriform fossa, 992f, 993 
Piriformis, 409, 409f-410f, 430, 431t, 
431f, 466, 548t, 549, 549f 
Piriform recess, 829f 
Pisiform, 752, 753f-754f, 781f 
Pisohamate ligament, 739 
Pisometacarpal ligament, 739 
Pituitary fossa, 1020f 
Pituitary gland, 844f, 1018f 
Pituitary macrodenoma, 1079b, 1079f 
Pivot joints, 21, 22f 
Pivot shift test, 583 
Plain radiography, 7-8 
abdominal, 12 
chest, 12, 238f, 240f 
gastrointestinal contrast 
examinations, 12 
of head, 828 
interpretation of, 12 
urological contrast studies, 12 
Plane joints, 21 
Planes, anatomical, 5f, 6 
Plantar aponeurosis, 614f, 615, 615f 
Plantar arch, 622-623, 623f 
approximating position of, 635, 635f 
Plantar artery 
deep, 623f 
lateral, 622-623, 623f, 635f 
medial, 623, 623f, 635f 
Plantar calcaneocuboid ligament, 
610 
Plantar calcaneonavicular ligament, 
607f, 609f, 610, 614f 


Plantar digital nerve 
proper, 626 
Plantaris, 589, 589t, 590f 
Plantaris tendon, 590f 
Plantar ligament, 611, 611f 
long, 610, 610f, 614f 
short, 614f 
Plantar nerves 
deep branch, 626 
lateral, 625-626, 625f 
superficial branch, 626 
medial, 524f, 625-626, 625f 
in Morton’s neuroma, 626b 
Platysma, 860f, 862, 948 
Pleura, 159-162 
cervical, 159 
costal part, 159, 160f 
diaphragmatic part, 159, 160f 
dome of, 159 
mediastinal part, 159, 160f 
Pleural cavity(ies), 125b, 128, 129f, 159- 
172, 159f 
innervation, 172, 172f 
left, 124f 
lymphatic drainage, 172, 173f 
right, 124f 
visualizing, 228-229 
Pleural cupola, 159 
Pleural effusion, 234b-235b 
Pleural recesses, 162 
visualizing, 228-229 
Pleural reflections, 160-161, 161f 
Pneumonia, 240b-241b 
Pneumothorax, 234b-235b 
Polyhydramnios, 322b 
Pons, 836f 
Pontine arteries, 837 
Popliteal artery, 571f, 582f, 584f, 585, 
593-594, 593f 
aneurysm, 645b 
Popliteal fossa, 513, 514f, 584-585, 584f 
contents, 585 
roof of, 585 
visualizing, 632, 632f 
Popliteal ligament, 578 
Popliteal nodes, 543, 543f 
Popliteal pulse, 637f 
Popliteal vein, 542f, 584f, 585 
Popliteus, 578f, 591, 592t 
Popliteus tendon, 575f 
Portacath, 242b-243b 
Portacaval anastomoses, 266 
Portacaval shunt, 398 
Porta hepatis, 317, 318f 
Portal hypertension, 397 
Portal vein, 321f, 332f, 337-339, 337f, 
338f, 340f 
left branch, 337 
in peritoneal cavity, 293f 
right branch, 337 
Portosystemic anastomosis, 338f, 
339-340 
Portosystemic shunt, 396b-398b, 398 
Positron emission tomography (PET), 
11 
fluorodeoxyglucose (FDG), 175b 
Posterior, as anatomical direction, 5f, 6 
Posterior drawer test, 583 
Posterior triangle, 701, 954f 
Postganglionic fibers, 42, 342, 895 
Posthepatic jaundice, 326 
Postileal appendix, 309f 
Pouch of Douglas, 460, 460b, 461f-462f 
Preaortic nodes, 341, 372-373, 372f, 
478f, 496, 496f 
Preauricular nodes, 872, 872f, 877f, 
983f, 984 
Preganglionic fibers, 42, 342 
Pregnancy, ectopic, 508b 
Prehepatic jaundice, 326 


Preileal appendix, 309f 
Premolars, 1056f, 1057 
Prepatellar bursa, 578f 
Preperitoneal fascia, 273 
Prepuce of clitoris, 487, 487f, 500f-501f 
Prepuce of penis, 488f, 489, 502f-503f 
Pretracheal space, 949f, 950 
Prevertebral ganglia, 47f, 344-345, 
344f, 375-376, 375f, 376f, 377f 
Prevertebral plexus, 43f, 47f, 48f, 51f, 
63f, 266, 267f, 343f, 344-345, 344f, 
375-376, 375f, 377f 
pelvic extensions of, 469-471, 
469f-470f 
Princeps pollicis artery, 769f, 770 
Procerus, 856t-857t, 858f, 859f, 860 
Processus vaginalis, 260, 283-284 
Profunda brachii artery, 683f, 696f, 718, 
718f-7 1 9f 
Pronator quadratus, 736, 736f, 740f, 
741t, 742 
Pronator teres, 730f, 736, 736f, 737t, 
738f, 739 
Prostate, 445f-446f, 451-452 
as anterior to rectum, 417, 417f 
cancer, 451b-452b 
hypertrophy, 452 
problems, 451b-452b 
Prostatectomy, 471b 
Prostatic fascia, 458, 459f 
Prostatic plexus, 459f, 469f-470f 
Prostatic plexus of veins, 476f, 495f 
Prostatic sinus, 445, 445f-446f 
Prostatic utricle, 445, 445f-446f 
Proximal, as anatomical direction, 6 
Psoas abscess, 119b, 353b 
Psoas major, 94f, 350t, 561t, 562, 562f 
in abdominal wall, 250f 
as hip flexor, 519f 
in inferior thoracic aperture, 253f 
in posterior abdomen, 349-350, 350f 
in vertebral canal, 106f 
Psoas minor, 350t 
in posterior abdomen, 349-350, 350f 
in vertebral canal, 106f 
Pterion, 814, 815f, 1067f 
fractures, 829 
Pterygoid(s) 
lateral, 925t, 930-931, 931f 
medial, 863f, 925t, 930, 930f, 933f-934f 
nerve to, 932 
Pterygoid artery, 938f 
Pterygoid canal, 812t, 819, 820f, 940f, 
941, 942f 
artery of, 946f, 947 
nerve of, 883, 944-945, 944f, 1054f 
Pterygoid fossa, 820f, 922f, 1032f-1033f 
Pterygoid fovea, 922 
Pterygoid hamulus, 820f, 921f, 986f, 
987f, 1049f 
Pterygoid plate, 1022f-1023f, 1025f 
lateral, 1049f 
medial, 1049f 
Pterygoid plexus of veins, 842f, 871f, 
893f, 939-940, 939f, 995f 
Pterygoid process, 819, 1032f-1033f 
lateral plate, 797f, 820f 
medial plate, 820f 
of palatine bone, 820f 
Pterygomandibular raphe, 861, 861f, 
929f, 987, 987f, 1033f, 1034f, 1049f 
Pterygomaxillary fissure, 921f, 929f, 
937, 942, 942f 
Pterygopalatine fossa, 797, 797f, 921f, 
929f, 940-947, 940f, 942f, 1049f 
Pterygopalatine ganglion, 48f, 807f, 
853t, 884f, 943f, 944-945, 945, 
1046f, 1054f 
Pubic arch, 409 
Pubic crest, 424, 424f 


Pubic ligament 
inferior, 428, 428f, 436 
superior, 428, 428f 
Pubic ramus 
inferior, 424f 
superior, 424, 424f 
Pubic region, 389, 389f 
Pubic symphysis, 349f, 408f, 410f, 428, 
A428f, 498f 
Pubic tubercle, 273f, 409f-410f, 416f, 
422f, 424f, 534f 
Pubis, 423f, 424-425, 424f, 528 
body of, 424f 
Puboanalis, 435 
Pubocervical ligament, 458, 459f 
Pubococcygeus, 411f, 434f, 435 
Pubofemoral ligament, 534 
Puboprostatic ligament, 442, 442f, 459f 
Puboprostaticus, 435 
Puborectalis, 411f, 434f, 435 
Pubovaginalis, 435 
Pubovesical ligament, 442, 442f 
Pudendal arteries 
external, 494 
deep, 569 
superficial, 569 
internal, 312f, 473f-474f, 474, 492- 
494, 493f 
terminal part, 494 
Pudendal block, 466b 
Pudendal canal, 490, 490b 
Pudendal nerve, 418, 418f, 463f, 464f, 
465-466, 467t-468t, 490, 522f, 
55 2f-553f, 553 
in men, 490b 
in women, 490b 
Pudendal veins 
internal, 476f, 494, 495f 
Pulmonary angiography, 421 
Pulmonary artery(ies), 170, 171f 
in bronchial tree, 168f 
in heart, 181f 
left, 170, 171f, 179f 
in heart, 181f, 203f 
in mediastinum, 207f 
in left atrium, 189f 
in lung, 164f 
in pericardial vasculature, 179f 
right, 170, 171f, 179f 
in heart, 203f 
in serous pericardium, 179f 
Pulmonary ligament, 160f, 164-166, 
164f, 171f 
Pulmonary nervous branches, 51f 
Pulmonary plexus, 172, 172f 
anterior, 172f 
posterior, 172f 
Pulmonary sinus, 188f 
Pulmonary trunk, 170, 171f, 181f, 188f, 
203-204, 203f 
Pulmonary valve, 188-189, 188f 
auscultation point for, 229f 
fibrous ring of, 192f 
Pulmonary valve disease, 191b 
Pulmonary vein(s), 170, 171f 
bronchial veins and, 170 
in heart, 181f, 203f 
inferior, 170 
in heart, 181f 
left, 171f, 179f 
in heart, 181f 
in mediastinum, 207f 
in left atrium, 189f 
in lung, 164f, 165f 
in pericardial vasculature, 179f 
right, 171f, 179f 
in serous pericardium, 179f 
superior, 170 
in heart, 181f 
Pulse points 


in head, 1070, 1070f 
in lower limb, 637, 637f, 785f 
in neck, 961b, 1070, 1070f 
in upper limb, 784 
Puncta, 884f 
Pupil, 898, 1068f 
Pupillary constriction, 48f 
Purkinje fibers, 200 
Pyloric antrum, 298, 299f, 305f 
Pyloric canal, 298 
Pyloric constriction, 298-299 
Pyloric orifice, 299f 
Pyloric part, of stomach, 298 
Pyloric sphincter, 298-299, 299f 
Pyloris, 298-299 
Pylorus, 299f, 305f 
Pyramidal eminence, 907f, 911f 
Pyramidalis, 276f, 277 
Pyramidal lobe, 965f 
Pyramidal process, 819, 820f, 
1032f-1033f 


Q 
Quadrangular membrane, 1002, 1002f 
Quadrangular space, 681-682, 691f, 692 
Quadrangular space syndrome, 682b 
Quadrate lobe, of liver, 318, 318f 
Quadrate tubercle, 530f, 531 
Quadratus femoris, 466, 548t, 549f, 550, 
568f 

Quadratus lumborum, 94f, 350t 

in abdominal wall, 250f 

in inferior thoracic aperture, 253f 

in posterior abdomen, 350, 350f 

in vertebral canal, 106f 
Quadratus plantae, 619-620, 619t 
Quadriceps femoris, 562-564 
Quadriceps femoris tendon, 563f 


R 
Radial artery, 217-218, 718f-719f, 730f, 
742-743, 742f, 757f, 768f, 769-770, 
781f 
superficial palmar branch, 742f 
transection of, 728b 
Radial collateral artery, 718f-719f 
Radial collateral ligament, 725, 726f 
Radial fossa, 713, 713f 
Radial groove, 712 
Radialis indicis artery, 769f, 770 
Radial nerve, 218-220, 232f, 523f, 660f, 
662f, 681f, 702t-703t, 704f, 708f, 
709, 722-723, 723f, 730f, 744, 744f, 
780f 
deep branch, 218-220, 232f, 730f, 
744, 744f 
examination of, 790b 
injury, 724b, 774b 
locating, 779 
superficial branch, 218-220, 232f, 
744, 744f, 772-774, 773f 
Radial notch, 714f-715f, 715 
Radial pulse, 784, 785f 
Radial recurrent artery, 718f-719f, 743 
Radial styloid process, 732, 733f 
Radial tuberosity, 713, 714f, 715f 
Radiation exposure, in medical facilities, 
13 
Radicular artery 
anterior, 102f-103f, 103 
posterior, 102f-103f, 103 
Radiocarpal ligament, 755 
Radiographic contrast agents, 7-8 
Radiography, 7-8 
abdominal, 12 
cardiac, 183b 
chest, 12, 238f, 240f 
gastrointestinal contrast 
examinations, 12 
of head, 828 


Radiography (Continued) 
interpretation of, 12 
urological contrast studies, 12 
Radionuclides, 10-11 
Radioulnar joint 
distal, 734-736, 735f 
Radius, 654f, 733f 
anterior border, 732, 733f 
distal end, 732, 733f 
dorsal tubercle, 732, 733f 
fracture, 734b 
head of, 713 
fracture, 728b 
interosseous border, 732, 733f 
lateral surface, 732, 733f 
neck of, 713 
posterior border, 732, 733f 
posterior surface, 732, 733f 
proximal end, 713, 714f 
shaft of, 732, 733f 
Ramus of mandible, 813f, 814, 815f, 
920f, 922 
Rectal ampulla, 440f 
Rectal arteries 
inferior, 312f, 492, 493f 
middle, 312f, 473f-474f, 474 
superior, 312f, 335-336, 335f 
Rectal cancer, 441b 
Rectal examination, digital, 439b 
Rectal nerve, inferior, 490, 490b 
Rectal vein 
inferior, 338f, 476f, 495f 
middle, 476f 
superior, 338f, 339, 476f 
Rectouterine fold, 460, 461f-462f 
Rectouterine pouch, 460, 460b, 
461f-462f 
Rectovaginal septum, 458, 459f 
Rectovesical fold, 461f-462f 
Rectovesical pouch, 459f, 461f-462f 
Rectovesical septum, 458 
Rectum, 307f, 308f, 312-313, 312f, 439, 
440f 
Rectus, 890-891, 890f 
inferior, 888t, 889f, 890-891 
lateral, 888t, 889f, 891 
medial, 888t, 889f, 891 
superior, 888t, 889f, 890-891 
Rectus abdominis, 276-277 
in abdominal wall, 250f, 276f, 
276t 
in inguinal triangle, 289f-290f 
in rectus sheath, 277f 
Rectus capitis anterior, 974t, 975f 
Rectus capitis lateralis, 974t, 975f 
Rectus capitis posterior major, 98f, 100f, 
100t 
Rectus capitis posterior minor, 98f, 
100f, 100t 
Rectus femoris, 561t, 562-564, 563f 
Rectus sheath, 277 
Recurrent epistaxis, 1076b 
Referred pain, 52b, 377t 
abdominal, 389, 389f 
Regional approach, 4 
Renal arteries, 260f, 367, 368t, 369 
left, 359f, 367f, 369 
right, 359f, 369 
Renal cell carcinoma, 399b 
Renal column, 358, 358f 
Renal cortex, 358, 358f 
Renal fascia, 356-358 
Renal fat, 356-358 
Renal medulla, 358f 
Renal pain, 111b 
Renal papilla, 358f 
Renal pelvis, 358f 
Renal pyramids, 358, 358f 
Renal sinus, 358f 
Renal stones, 111b 
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Renal tumors, 111b 
Renal vasculature, 359, 359f 
Renal vein(s) 
left, 260f, 264, 321f, 359f, 370f 
right, 359f, 369 
Replacement, of joints, 26b 
Reproductive system 
female, 453-458, 453f 
male, 448-452, 449f-450f 
in pelvis, 406, 407f, 448-458 
Respiration. See Breathing 
Respiratory region, 1015, 1015f 
Respiratory tract, separation from 
digestive, 808-811 
Rete testes, 448, 449f-450f 
Retina, 898f 
neural layer, 901 
optic part, 901 
pigmented layer, 901 
Retinacula, 612-613 
Retinal artery, central, 892f, 893 
Retroauricular nodes, 983-984 
Retrocecal appendix, 309f 
Retromammary space, 137, 138f 
Retromandibular vein, 863f, 864, 939f, 
951f, 952, 971f, 995f 
Retromolar fossa, 1033f 
Retromolar triangle, 1033f, 1034 
Retroperitoneal fascia, 273 
Retroperitoneal lymph node surgery, 
373 
Retroperitoneal structures, 251, 
2521 
Retropharyngeal nodes, 995, 995f, 
1030f 
Retropharyngeal space, 949f, 950 
Rheumatoid arthritis, 82b 
Rhomboid major, 90t, 91, 91f, 677, 677f, 
678t 
in back musculature, 61f 
in shoulder, 656f 
as superficial back muscle, 88f 
in surface anatomy, 116f-117f 
Rhomboid minor, 90t, 91, 91f, 677, 677f, 
678t 
in back musculature, 61f 
in shoulder, 656f 
as superficial back muscle, 88f 
in surface anatomy, 116f-117f 
Rib(s), 124f, 142-144, 142f 
anatomy of, 143f 
angle, 143, 143f 
articulations of, 125, 126f 
in breathing, 158-159, 158f 
cervical, 147b, 233b 
costal groove, 143, 143f 
costovertebral joints and, 145-147 
counting, 224-225, 225f 
crest of, 143 
false, 142 
floating, 142 
fractures, 147b, 699, 787b-788b 
head of, 143 
|, 143-144, 225f 
fracture, 699, 787b-788b 
Il, 144 
in inferior thoracic aperture, 
127f 
neck of, 143, 143f 
in posterior abdomen, 349, 349f 
thoracic articulation of, 141-142, 
142f 
in thoracic wall, 125 
true, 142 
tubercle, 143, 143f 
X, 144, 225f 
XI, 144 
XII, 144 
Rima glottidis, 829f, 1005, 1006f 
Rima vestibuli, 829f, 1005 
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Risorius, 856t-857t, 858f, 860f, 861 

Rods (in eye), 901 

Roentgen, Wilhelm, 7 

Rootlets, 107 

Rostral, as anatomical direction, 6 

Rotator cuff disorders, 675b 

Rotatores, 97 

Rotatores cervicis, 99t 

Rotatores lumborum, 99t 

Rotatores thoracis, 98f, 99t 

Rounded intercranial opening, 825 

Round ligament of liver, 266 

Round ligament of uterus, 260f, 288, 
454f, 460-462 

Round window, 907f, 908, 914f, 915f, 
919f 


S 
Saccule, 913, 914f, 916 
Sacral alae, 408-409, 425-426, 425f 
Sacral arteries 
lateral, 102f-103f, 472, 472f, 473f-474f 
in deep back muscle vasculature, 
93 
median, 367f, 368, 368t, 473f-474f, 
475, 475f 
Sacral canal, 425f 
Sacral cornua, 425f, 426 
Sacral curvature, 57f, 113f 
Sacral dimple, 114-115, 114f 
Sacral foramina, 72f-74f, 425f 
Sacral ganglia, 343f 
Sacral hiatus, 425f 
Sacralization, of lumbar vertebra, 78b 
Sacral nerves, 65f, 109f. See also 
individual sacral nerves 
dermatomes of, 40f 
in parasympathetic system, 48-49, 48f 
Sacral plexus, 51f, 462-466, 463f 
branches, 464f, 467t-468t 
Sacral preganglionic parasympathetic 
fibers, 49 
Sacral promontory, 408-409, 425-426, 
425f 
Sacral tumor, 121b 
Sacral vein, median, 476f, 477 
Sacral vertebrae, 67f, 68. See also 
individual sacral vertebrae 
Sacroiliac joints, 408f, 426, 427f 
problems, 428b 
Sacroiliac ligament 
anterior, 426, 427f 
interosseous, 426, 427f 
posterior, 426, 427f 
Sacrospinous ligament, 409, 409f, 429, 
430f, 436f-437f, 522f, 526f 
Sacrotuberous ligament, 409, 409f, 
410f, 429-430, 430f, 479f, 526f 
Sacrum, 59f, 67f, 68, 72f-74f, 74-75, 
410f, 425-426, 425f 
ala of, 254f 
in pelvic inlet, 254f 
in posterior abdomen, 349, 349f 
sacral vertebra separation from, 78b 
Saddle joints, 21, 22f, 655 
“Safe triangle,” in chest tube insertion, 
156b 
Safety, in medical facility, 13 
Sagittal plane, 5f, 6 
Sagittal sinus 
inferior, 842f, 843, 843t 
superior, 833f, 842f, 843, 843t 
Sagittal suture, 800f-801f, 817f 
Salivary glands, 48f, 1044-1047, 1046f 
Salpingopharyngeal fold, 992f, 993 
Salpingopharyngeus, 989f, 990, 990t 
Saphenous nerve, 380f, 381, 524f, 573, 
573f, 626f, 627 
Saphenous opening, 544-545 


Saphenous ring, 545f 
Saphenous vein, 573 
great, 525f, 542, 542f, 624, 624f, 636f 
small, 542, 542f, 584f, 624, 624f, 636f 
Sartorius, 561t, 563f, 564 
Scala tympani, 914f, 915, 915f, 919f 
Scala vestibuli, 914f, 915, 915f, 916f, 
919f 
Scalene(s) 
anterior, 970t, 971f, 975f, 977f 
middle, 970t, 971f, 975f 
posterior, 970t, 971f, 975f 
Scalene tendon, anterior, 700f 
Scalp, 797, 797f, 818f, 873-878, 873f 
aponeurotic layer, 873-874, 873f 
arteries, 876-877, 876f 
connective tissue in, 873, 873f 
laceration, 877b 
layers, 873-874, 873f 
lymphatics, 877-878, 877f 
nerves, 874-875, 875f 
skin in, 873 
veins, 876f, 877 
Scaphoid, 752, 753f-754f 
avascular necrosis of, 756b 
fracture, 756b 
Scaphoid fossa, 820f, 986f, 1032, 
1032f-1033f 
Scapula, 525f, 528, 654f 
acromion of, 87f, 527, 654f 
arteries, 682-684, 683f 
in back musculature, 87f 
as bony landmark, 113f 
inferior angle of, 113f, 114-115, 114f 
lateral angle, 527 
medial border of, 113f 
movements of, 652f 
muscles of, 678-680, 679f, 680t 
nerves, 682 
posterior region, 678-684 
in skeletal framework of back, 56f 
spine of, 87f, 113f, 114-115, 114f, 527 
veins, 682-684 
winged, 786b-787b 
Scapular artery 
circumflex, 681f, 683, 683f, 697 
deep branch, 697 
dorsal, 972 
Scapular nerves, dorsal, 702t—703t, 
704f, 705f, 975 
injury, 101b 
in rhomboid innervation, 91, 92f 
Scapular notch, greater, 667 
Scapular region, posterior, 678-684, 
775, 7770 
Scarpa’s fascia, 271f, 278f 
Sciatica, 118b 
Sciatic foramen 
greater, 409f, 414f-415f, 430f, 431- 
432, 432f, 535-536 
lesser, 409f, 414f-415f, 430f, 432, 
432f, 536 
Sciatic nerve, 463f, 464f, 465, 467t- 
468t, 522f, 523f, 538-539, 538f, 
539t, 552, 552f-553f, 574-575, 
575f, 584f 
avoiding, 628-629, 629f 
compression, 505b 
fibular part, 464f 
tibial part, 464f 
Sciatic notch 
greater, 409, 422f 
lesser, 409, 422f 
Sclera, 881, 898f, 900, 901f, 1068f 
Scleral venous sinus, 898-899, 898f, 901f 
Sclerotomes, 68-71, 70f 
Scoliosis, 77b 
Scrotal artery, posterior, 493f 
Scrotal nerve, posterior, 490b 


Scrotal vein, posterior, 495f 
Scrotum, 488 
Sebaceous gland, of eyelash, 879f 
Secretory glands, in breast, 131f 
Secretory lobules, of mammary gland, 
138f 
Segmental muscles, 98f, 99 
Sella turcica, 825 
Semicircular canals, 913-914, 913f 
anterior, 914f 
lateral, 914f 
prominence of, 907f, 908 
posterior, 914f 
Semicircular ducts, 913, 913f 
anterior, 914f 
lateral, 914f 
posterior, 914f 
Semilunar cusp, 188-189, 188f, 191 
Semilunaris hiatus, 1019, 1022f-1023f 
Semimembranosus, 568f, 568t, 569 
Seminal colliculus, 445, 445f-446f 
Seminal vesicle, 449f-450f, 451 
Semispinalis capitis, 98f, 99, 99t 
Semispinalis cervicis, 99t 
Semispinalis muscles, 97 
Semispinalis thoracis, 98f, 99t 
Semitendinosus, 568f, 568t, 569 
Sensory innervation, visceral, 49 
Sensory neurons, 36, 37f 
Septal cartilage, 1020f, 1021f, 1022f- 
1023f, 1024f 
Septomarginal trabecula, 187, 188f 
Serous pericardium, 177-178, 177f, 
179f 
Serratus anterior, 688-689, 688t, 689f, 
778f 
in intercostal spaces, 148f-149f 
Serratus posterior inferior 
in back musculature, 92t, 93f 
in thoracic musculature, 148-149 
Serratus posterior superior 
in back musculature, 92t, 93f 
in thoracic musculature, 148-149 
Sesamoid bones, 15, 604f, 764f 
Shingles, 110b 
Short bones, 15 
Shoulder, 526-528 
bones, 525f, 526-527 
dislocation, 791b 
injury after fall, 786b 
joints, 668-673, 668f, 669f 
muscles, 656f, 675-677, 678t 
problem, 791b 
Sigmoid arteries, 312f, 335, 335f 
Sigmoid colon, 307f, 311f 
Sigmoid mesocolon, 297, 297f 
Sigmoid sinus, 842f, 843-844, 843t, 
961 
groove for, 826f, 827 
Sinuatrial node, 200 
Situs inversus, 211b 
Skeletal age, 16b 
Skeletal muscle, 27 
Skeletal system, 14-26 
Skeleton 
in abdominal wall, 250, 250f 
appendicular, 14, 14f 
axial, 14, 14f 
cardiac, 192, 192f 
facial, 816 
Skene’s glands, 444, 445f-446f, 488 
Skin, 26 
abdominal wall, 259 
cancer, 403b 
dermatomes and, 38-39 
of eyelids, 879 
innervation, in lower limbs, 524f 
in scalp, 873 
Skull, 800-801, 812-821, 815f 


base of, 1032f-1033f 
bones, 800f-801f 
diploé in, 35f 
external foramina in, 812t 
external table in, 35f 
fractures, 829 
internal table in, 35f 
oral cavity and, 1032f-1033f 
in skeletal framework of back, 56f 
sutures, 800 
Small intestine, 300-303 
in abdominal cavity, 248f 
kidney and, 356f 
Smooth muscle, 27 
S1 nerve, 65f, 109f 
S2 nerve, 65f, 109f 
S3 nerve, 65f, 109f 
S4 nerve, 65f, 109f 
S5 nerve, 65f, 109f 
Snuffbox, anatomical, 759, 759b, 781f, 
782 
Soft palate, 804, 804f, 809f-810f, 992f, 
1021f, 1030f, 1041f, 1047f, 1048- 
1051, 1048t, 1049f, 1050f 
Soleal line, 558f-559f 
Soleus, 589, 589t, 590f 
Solid joints, 20-26, 23f 
Somatic afferents, 38 
Somatic motor efferents, 38 
Somatic motor fibers, 38 
Somatic part, of central nervous 
system, 35-40, 36f 
Somatic plexuses, 50, 51f, 462-466 
Somatic sensory afferents, 38 
Somatic sensory neurons, 38 
Somites, 35, 36f, 70f 
Sound transmission, 919, 919f 
Special afferent, 848t 
Spermatic cord, 260, 287f, 448, 449f-450f 
in inguinal canal, 284-288, 284f 
in inguinal region, 260f 
in inguinal ring, 285f 
structures in, 286, 287f 
Spermatic fascia 
external, 284-285, 287f 
internal, 287f 
Sphenoethmoidal recess, 1014f, 
1022f-1023f 
Sphenoidal rostrum, 1021f, 1025f 
Sphenoidal sinus, 844f, 1015f, 1020, 
1020f, 1022f-1023f 
Sphenoid bone, 819, 823-825, 823f, 
825f, 920-921, 940-941, 941f, 
1032, 1032f-1033f 
Sphenoid spine, 921, 921f, 929f 
Sphenomandibular ligament, 924, 924f, 
930, 930f, 933f-934f 
Sphenopalatine artery, 946f, 947, 1026f, 
1027 
nasal branches, 1026f, 1027 
septal branches, 1027 
Sphenopalatine foramen, 940f, 942f, 
1025, 1025f, 1028f 
Sphenoparietal sinus, 842f, 843t 
Sphenoparietal suture, 814, 815f 
Sphenosquamous suture, 814, 815f 
Sphincter of ampulla, 320 
Sphincter pupillae, 901, 901f, 902t 
Sphincter urethrovaginalis, 437,438f,438t 
Sphygmomanometer, 720 
Spigelian hernia, 291 
Spina bifida, 76b, 76f 
Spina bifida occulta, 76 
Spinal artery 
anterior, 102f-103f, 103, 105f,837,838f 
posterior, 102f-103f, 103, 105f, 837, 
838f 
segmental, 102f-103f, 103 
Spinal cord, 34, 62, 101-110, 101f 


arteries, 102-104, 102f-103f 
cervical injury, 118b 
diameter, 101 
end of, visualizing, 115-116 
fissures, 101-102, 102f-103f 
length, 101 
rootlets in, 107 
roots in, 107 
vasculature of, 102-104, 102f-103f 
veins, 104, 104f 
Spinal fusion, 86 
Spinalis, 61f, 96f, 97 
Spinalis capitis, 96f, 97t 
Spinalis cervicis, 97t 
Spinalis thoracis, 96f, 97t 
Spinal nerves, 63, 63f, 65f, 66, 107-110, 
109f. See also Cervical nerves; 
Lumbar nerves; Sacral nerves; 
Thoracic nerves 
anterior rami of, 107 
course of, 109f 
in deep back muscle innervation, 93, 
100f 
dermatomes and, 38-39 
herpes zoster in, 110b 
myotomes and, 39-40 
nomenclature, 108-110, 110f 
organization of, 107f 
in parasympathetic system, 48, 48f 
posterior rami, 107 
posterior roots, 107 
in suboccipital innervation, 100f 
in sympathetic system, 43 
Spinal segment, 107 
Spinal stenosis, 84b 
Spinal tap, 106, 108b, 115f-116f 
Spinal vein 
anterior, 104f 
posterior, 104f 
Spinoglenoid notch, 667 
Spinotransversales muscles, 93-94, 95f 
Spinous process, 60f, 62f-64f, 71, 71f, 72f 
identification, 114-115 
Spiral ganglion, 915f, 917 
Spiral lamina, 915 
Spiral ligament, 916, 916f 
Spiral organ, 916f, 917, 919f 
Splanchnic nerves, 46, 47f, 51f, 342 
erection and, 419f 
greater, 47f, 51f, 222f, 223, 267f, 342, 
343f, 377t 
least, 47f, 51f, 222f, 223, 267f, 343, 
343f, 377t 
lesser, 47f, 51f, 222f, 223, 267f, 343, 
343f, 377t 
lumbar, 47f, 51f, 267f, 343-344, 343f, 
374f, 375f, 377t 
pelvic, 49, 267f, 343f, 344-345, 346f, 
419f, 463f, 464f, 467t-468t, 
469f-470f 
in posterior abdomen, 351f, 374-381 
sacral, 47f, 51f, 343-344, 343f, 465f, 
469f-470f 
thoracic, 342-343, 343f, 377t 
Spleen, 323, 324f 
arteries of, 324f 
development of, 257f, 323 
diaphragmatic surface, 324f 
disorders, 327b 
enlargement, 327 
hilum of, 323, 324f 
kidneys and, 356f 
in peritoneal cavity, 293f 
rupture, 327 
surface projection of, 390, 390f 
surfaces of, 324f 
upper pole, 324f 
visceral surface, 324f 
Splenic artery, 298f, 319f, 321f, 322f, 


324f, 329, 330f, 331f, 332f 
Splenic flexure, 307, 339 
Splenic vein, 321f, 337-338, 337f, 338f, 
340f 
Splenius, 61f 
Splenius capitis, 93-94, 95f, 96f, 970t, 
971f 
Splenius cervicis, 94, 95f 
Splenomegaly, 327 
Splenorenal ligament, 323, 324f 
Splenorenal shunt, 398 
Spondylolisthesis, 85 
Spongy bone, 15 
Sprengel’s shoulder, 78b 
Spring ligament, 607f, 609f, 610 
Squamous suture, 815f 
Stapedius muscle, 911, 911t 
Stapedius muscle tendon, 911f 
Stapes, 906f, 908, 910, 910f, 919f 
Stellate ganglion, 981 
Stem cells, in bone marrow, 17 
Sternal angle, 124f, 177f, 224-225, 225f 
Sternoclavicular joint, 225f, 668-669, 
668f 
dislocation, 673b-674b 
Sternoclavicular ligaments, 668, 668f 
Sternocleidomastoid, 960f, 970t, 971f, 
1062f 
Sternocostal joints, 146, 146f 
Sternohyoid, 806f, 955t, 956, 957f, 958 
Sternopericardial ligaments, 177 
Sternothyroid, 957f 
Sternotomy, 156b 
Sternum, 144, 144f 
body of, 124f, 144, 225f 
bone marrow collection from, 147b 
manubrium of, 124f, 127f, 128b, 144, 
225f, 668 
Stethoscope position, 166b, 232f 
Stomach, 298-300, 299f, 301f 
in abdominal cavity, 248f 
angular incisure of, 299, 299f 
arteries of, 298f, 299-300 
body of, 298 
carcinoma of, 306b 
cardial notch of, 299, 299f 
cardia of, 298 
development of, 257f 
epithelial transition to, 303 
fundus of, 298, 299f 
greater curvature of, 299 
kidneys and, 356f 
lesser curvature of, 299, 299f 
pyloric part of, 298 
sympathetic nerves, 345-347 
Straight sinus, 842f, 843, 843t 
Strains, muscle, 28b 
Strangulation, of hernias, 290-291 
Strap muscles, 956-958 
Stroke, 839b, 839f 
Stye, 881 
Styloglossus, 1038f, 1039t, 1041, 1041f 
Stylohyoid, 955, 955t, 956f 
Stylohyoid ligament, 803f, 987f, 1034f 
Styloid process, 815f, 816, 820f, 921f, 
1032f-1033f 
Stylomandibular ligament, 924, 924f 
Stylomastoid foramen, 812t, 820f, 918f, 
1032f-1033f 
Stylopharyngeus, 989f, 990, 990t, 
991f 
Subacromial bursa, 670, 672f 
Subarachnoid cisterns, 834 
Subarachnoid hemorrhage, 846 
Subarachnoid space, 35, 35f, 62, 62f, 
63f, 104-105, 830f, 833f, 834 
visualizing, 115-116 
Subcecal appendix, 309f 
Subclavianarteries, 102f-103f, 152f,718f- 


719f, 837, 976-978, 994f, 1010f 
branches, 970-972 
compression of, 233b 
first part, 970, 972f 
left, 167f, 205f, 209f, 210, 837f-838f, 
958f, 976, 977f 
from aorta, 218f 
in lung, 165f 
right, 133f-134f, 683f, 837f-838f, 
958f, 976, 977f 
second part, 970 
stenosis, 233b 
in superior thoracic aperture, 127f 
third part, 972 
Subclavian nerve, 140t, 702t-703t, 704f, 
705f, 706 
Subclavian pinch-off syndrome, 699b 
Subclavian triangle, 969, 969f 
Subclavian trunk, 32f, 982f 
left, 221, 372t, 982 
right, 372t, 982 
Subclavian veins, 952, 973, 978, 995f 
compression, 233b 
left, 958f 
in lung, 165f 
right, 958f, 1011f 
in superior thoracic aperture, 127f 
Subclavius, 139-140, 140t, 140f, 686t, 
687-688, 687f 
Subcostal artery 
from aorta, 219t 
in deep back muscle vasculature, 93 
Subcostal muscles, 149t, 151 
Subcostal nerve, 154-155, 155f, 279, 379f 
Subcostal plane, 269, 387f, 389, 389f 
Subcostal veins 
in azygos system, 219f 
left, 220 
right, 218-220, 219f 
Subdeltoid bursa, 670 
Subdural hematoma, 845-846 
Subdural space, 35f 
Subendocardial plexus of conduction 
cells, 200 
Sublingual caruncle, 1045, 1045f 
Sublingual fold, 1045f, 1046 
Sublingual fossa, 1033f, 1034 
Sublingual glands, 936f-937f, 1045f, 
1046, 1046f 
Submandibular duct, 1045, 1045f 
Submandibular fossa, 1033f, 1034 
Submandibular ganglion, 48f, 807f, 
853t, 933f-934f, 934, 936f-937f, 
1046f, 1047f 
Submandibular glands, 936f-937f, 
1045, 1045f, 1046f 
Submandibular nodes, 872, 872f, 877f, 
983f, 984, 1030f, 1058f 
Submandibular triangle, 954, 954f, 968t 
Submental nodes, 872, 872f, 877f, 983f, 
984, 1058f 
Submental triangle, 954, 954f, 968t 
Submucosa, 347f 
Submucosal muscle, 347f 
Submucosal plexus, 49, 50f, 345, 347f 
Suboccipital muscles, 61f, 99-100, 100f, 
100t 
Suboccipital triangle, 100, 100f 
Subphrenic recess, 316, 317f 
Subpopliteal recess, 577, 578f 
Subscapular artery, 683f, 696f, 697 
Subscapular bursa, 672f 
Subscapular fossa, 667 
Subscapularis, 656f, 672f, 673f, 690t, 
691-692, 691f, 692f 
Subscapular nerve 
inferior, 702t-703t, 704f, 708, 708f 
superior, 702t-703t, 708, 708f 
Subscapular nodes, 709, 710f 


Index 


Subtalar joint, 518f, 608 
Subtendinous bursa, 670 
Subtraction angiography, 8, 8f 
of celiac trunk, 330f 
of inferior mesenteric artery, 335f 
Sulcus tali, 602 
Sulcus terminalis cordis, 181f, 186 
Superciliary arches, 812, 813f 
Superficial, as anatomical term, 6 
Superficial fascia, 26 
Superior, as anatomical direction, 5f, 
6 
Supinator, 215-223, 231f, 730f, 736, 
736f 
Supinator crest, 714f-715f, 715 
Supraclavicular nerves, 973f, 974f, 
975 
Supracondylar line 
lateral, 556, 557f 
medial, 556, 557f 
Supracristal plane, 387f 
Supraduodenal artery, 301f, 319f, 331, 
332f 
Supraglenoid tubercle, 666 
Suprahyoid muscles, 954-956, 956f 
Supramastoid crest of temporal bone, 
920, 920f 
Supraorbital artery, 870f, 876f, 883f, 
892f, 893 
Supraorbital foramen, 812, 812t 
Supraorbital nerve, 866f, 867f, 875f, 
883f, 895f 
Supraorbital notch, 813f 
Supraorbital vein, 870f, 871, 876f, 883f, 
893f 
Suprapatellar bursa, 563f, 577, 578f 
Suprapleural membrane, 159, 160f 
Suprapubic catheterization, 443b 
Suprarenal arteries 
inferior, 365f 
middle, 365f, 367, 367f, 368t 
superior, 365f 
Suprarenal gland(s), 365 
left, 356f 
in posterior abdomen, 348f 
right, 356f 
vasculature, 365, 365f 
Suprarenal vein(s) 
left, 264f 
right, 264f 
Suprascapular artery, 681f, 682, 683f, 
972-973, 977f, 978 
in trapezius muscle vasculature, 89 
Suprascapular foramen, 680-681, 
691f 
Suprascapular nerve, 681f, 682, 702t- 
703t, 704f, 705-706, 705f, 975 
Suprascapular notch, 667 
Suprascapular vein, 951f, 952 
Supraspinatus muscle, 656f, 672f, 673f, 
678, 679f, 680t 
Supraspinatus tendon, 675b 
torn, 789b, 789f 
Supraspinous fossa, 527 
Supraspinous ligament, 83-84, 83f, 84f, 
106f 
Supratrochlear artery, 870f, 876f, 883f, 
892f, 893 
Supratrochlear nerve, 866, 866f, 867f, 
875f, 883f, 895f 
Supratrochlear vein, 870f, 871, 876f, 
883f 
Sural arteries, 593f 
Sural communicating nerve, 596, 
597f 
Sural nerve, 524f, 594, 594f, 595, 626f, 
627 
cutaneous, lateral, 596, 597f 
Surface anatomy 
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of abdomen, 382-390, 382f 
of back, 112-116 
of breast, in women, 225-226 
of hand, 775f-776f 
of head, 1061, 1061f 
of lower limbs, 628-637, 628f 
of neck, 1061, 1061f 
of pelvis and perineum, 497-502 
of thorax, 224-229, 224f, 225f 
of upper limbs, 775-784, 775f-776f 
Surgery 
abdominal, 269b 
abdominal aortic stent graft, 369f 
abdominoperineal resection, 
complications from, 396b-398b 
back, 86b 
chest access, 156b 
for esophageal cancer, 241b-242b 
gastrointestinal, 315b-316b 
hysterectomy, 456b 
kidney transplantation, 364b 
nephrostomy, 363b 
for obesity, 347b 
retroperitoneal lymph node, 373 
thyroidectomy, 967b 
vasectomy, 450b 
Surgically-induced Horner's syndrome, 
882 
Suspensory ligament 
of breast, 137, 138f 
of clitoris, 486f 
of duodenum, 301 
of eye, 886-887 
of lens, 901 
of ovary, 454f, 460, 474-475 
of penis, 485, 486f 
Suspensory muscle, of duodenum, 301 
Sustentaculum tali, 603, 603f, 609f 
Sutural bone, 816, 817f 
Sutures, 22, 23f 
in skull, 800, 800f-801f 
SI vertebra, separation of, 78b 
SII vertebra 
spinous process of, 114-115, 
114f-116f 
Swallowing, 1008f, 1009 
“Swayback,” 78b 
Sympathetic cardiac nerves, 46f, 203 
Sympathetic fibers, in pelvis, 471 
Sympathetic ganglia, 374f 
branches, 222-223 
cervical, 700f 
thoracic, 222f 
Sympathetic nervous system, 41-42, 
42f, 43-46, 43f, 134 
lungs in, 172, 172f 
in nasal cavity, 1029 
in neck, 979-981, 980f 
stomach in, 345-347 
in thoracic and cervical viscera, 45 
Sympathetic trunk, 135f, 172f, 222f, 
980f 
in abdominal innervation, 342-344 
cardiac nerves from, 202f 
cervical part, 979-981 
to pelvis, 406 
in posterior abdomen, 374-381, 374f 
in posterior mediastinum, 221-223 
Symphyses, 22, 23f 
in vertebral bodies, 80 
Synchondroses, 22, 23f 
Syndesmoses, 22, 23f 
Synovial joints, 20-21 
descriptions of, 21 
features and structures in, 21f 
types of, 21, 22f 
Systemic approach, 4 
Systems, body, 14-52 


T 
Taeniae coli, 307f, 308 
Talar articular surfaces, 603, 603f 
Talocalcaneal ligament, 608f 
Talocalcaneonavicular joint, 608-610 
Talofibular ligament 
anterior, 607, 607f 
tear, 646b-647b, 647f 
posterior, 607, 607f 
Talonavicular ligament, 609f 
Talus, 518f, 601, 601f, 602, 602f 
fracture, 606b 
head, 602f 
neck, 602f 
tubercles, 602f 
Tarsal arteries, 623 
Tarsal bones, 517, 518f, 600-604, 601f 
distal, 604 
intermediate, 604 
Tarsal gland, 879f, 881 
Tarsal joint, transverse, 607 
Tarsal muscle, superior, 879f 
Tarsal plates, 880f 
Tarsal sinus, 604, 604f 
Tarsal tunnel, 514f, 612-613, 612f 
finding, 633, 633f 
Tarsometatarsal joints, 610-611, 611f 
Tarsus, 879f, 880-881, 880f 
Technetium-99m, 10 
Techniques, 7-10 
Tectorial membrane, 82 
Teeth, 1056-1060, 1056f 
arteries, 1057-1058, 1057f 
lymphatics, 1058, 1058f 
nerves, 1059-1060, 1059f, 1060f 
veins, 1057f, 1058 
Tegmen tympani, 825f, 907f, 908f 
Telencephalon, 835, 836f 
Temporal artery 
deep, 928, 928f, 938f 
middle, 928, 928f 
groove for, 920, 920f, 921f 
superficial, 870f, 876f, 877, 883f, 928f, 
938f, 959f, 960t, 961, 994f 
Temporal bone(s), 816, 819, 821, 826, 
1032-1033 
apex, 821 
facial nerve in, 917-919, 918f 
mastoid part, 816 
petrous part, 816 
squamous part, 815f, 816 
tympanic part, 815f, 816 
Temporal fascia, 926, 928f 
Temporal fossa, 920-940, 920f, 921f, 
926-928, 926f 
Temporalis, 925t, 927, 927f 
Temporalis tendon, 933f-934f 
Temporal line 
inferior, 927f 
superior, 927f 
Temporal lobe, 836f 
Temporal nerves, deep, 928, 928f, 933 
Temporal process, of zygomatic bone, 
815f, 922 
Temporal pulse, 1070, 1070f 
Temporal vein 
superficial, 864, 876f, 877, 883f, 939f, 
951f, 952, 995f 
Temporomandibular joints, 922-924, 
923f, 924f 
capsule, 923 
Tendinous arch, of levator ani, 434f, 
435 
Tendinous intersection, 276-277, 276f 
Tendons, 20-21. See also individual 
tendons 
Tension pneumothorax, 234b-235b 
Tensor fasciae latae, 466, 548t, 551, 
551f 


Tensor tympani muscle, 907f, 910, 911f, 
911t 
Tensor veli palatini, 929f, 989f, 1048- 
1050, 1048t, 1049f 
Tentorial notch, 831f 
Tentorium cerebelli, 824, 831, 831f, 
833f 
Teres major, 656f, 679, 679f, 680t, 690f, 
690t, 691f, 692 
Teres minor, 656f, 672f, 673f, 679, 679f, 
680t, 692f 
Terminology, anatomical, 4-6 
Testes, 260f, 291f, 448, 449f-450f 
development of, 260, 260f, 283f 
tumors in, 448b 
Testicular arteries, 360f, 367f, 368, 368t, 
494 
left, 260f 
right, 260f 
Testicular veins, 370f 
left, 260f 
right, 260f 
Thalamus, 836f 
Thenar eminence, 765, 781f, 782f 
Thenar muscles, 763t, 765-766, 765f 
Thigh, 512, 555-585, 556f 
anterior compartment of, 561-564 
arteries, 569-571 
bones of, 555-560 
compartments of, 520f, 555 
deep artery of, 536f, 569-570, 571f 
lateral cutaneous nerve of, 378t, 378f, 
379f, 381, 524f, 538f, 539t, 540 
muscles, 561-569, 561t, 563f, 564t, 
565f, 568t 
nerves, 573 
posterior cutaneous nerve of, 524f, 
540, 553, 584f 
veins, 573 
Third space, 950 
Thoracic aneurysm, dissecting, 
119b-120b 
Thoracic aorta, 33f, 171f, 185f 
branches, 218f, 219t 
diffuse atherosclerosis in, 210b 
dissecting aneurysm in, 119b-120b 
esophageal branches, 218f 
in lung, 167f 
mediastinal branches, 218f 
in mediastinum, 217-218, 218f 
in pericardial vasculature, 179f 
Thoracic aortic plexus, 51f 
Thoracic aperture 
inferior, 124f, 126, 127f, 134, 135f, 
246, 253, 253f 
superior, 124f, 126, 127f, 129f, 657, 
805, 805f 
Thoracic artery 
in diaphragm vasculature, 157f 
internal, 131f, 133f-134f, 138f, 152, 
977f, 978 
in abdominal wall, 281f, 282 
in intercostal spaces, 148f-149f 
left, 206f 
mammary branches of, 138f 
right, 206f 
lateral, 138f, 696f, 697 
superior, 696, 696f 
Thoracic cavity, 124-125 
Thoracic curvature, 57f, 113f 
Thoracic duct, 32f, 154, 154f, 173f, 
215, 220-221, 221f, 372t, 981-982, 
982f 
Thoracic esophagus, 298f 
Thoracic ganglia, 343f 
Thoracic inlet, 805 
Thoracic nerves, 65f, 109f. See also 
individual thoracic nerves 
basic anatomy of, 42f 


Thoracic nerves (Continued) 
dermatomes of, 40f, 133f-134f 
long, 975 

damage to, 690b 

Thoracic outlet syndrome, 147b 

Thoracic surgery, 156b 

Thoracic vein(s) 
internal, 153, 153f 

in intercostal spaces, 148f-149f 
Thoracic vertebrae, 59f, 68, 69f, 72f-74f, 
76f, 79f, 141-142, 142f. See also 
individual thoracic vertebrae 
abnormal number of, 78b 
articular processes in, 141, 141f 
body in, 141, 141f 
laminae in, 141, 141f 
rib articulation in, 141-142, 142f 
transverse process in, 141, 141f 
typical, 141f 
vertebral foramen in, 141, 141f 

Thoracic visceral plexus, 48f 

Thoracic wall, 125-126, 141-155 
anterior, 125 
arteries of, 133f-134f, 151-153, 152f 
in breathing, 158-159, 158f 
flexibility of, 134 
innervation, 132-134, 154-155 
lateral, 125 
lymphatic drainage of, 154, 154f 
muscles, 148-151, 149t 
posterior, 125 
segmental neurovascular supply of, 

132-134 

skeletal framework, 141-147 
upper limbs and, 658 
vasculature, 132-134 

veins, 132f, 153, 153f 

Thoracoacromial artery, 696-697, 
696f 

pectoral branch of, 138f 

Thoracodorsal artery, 696f, 697 
in latissimus dorsi vasculature, 90 

Thoracodorsal nerves, 90, 702t—703t, 

704f, 708, 708f 

Thoracolumbar fascia, 87f, 93f, 94, 94f 

Thoracotomy, 156b 

Thorax 
abdomen and, 130, 130f, 254 
arms and, 130 
back and, 64f, 65 
breast and, 130, 131f 
breathing and, 125 
component parts, 125-128 
as conduit, 125 
dermatomes, 133, 133f-134f 
functions, 125 
general description, 124-125 
head and, 805 
key features, 130-135 
neck and, 129, 129f, 805 
organ protection by, 125 
regional anatomy, 137-223 
surface anatomy, 224-229, 224f 

female, 224f, 225-226, 225f 
male, 224f 
venous shunts in, 132, 132f 

Thumb 
movements of, 524f 
orientation of, 526-627 

Thymus gland, 206, 206f 
ectopic parathyroid gland(s) in, 

206b 

Thyroarytenoid, 1006t, 1007, 1007f 

Thyrocervical trunk, 102f-103f, 683f, 

966-967, 966f, 972f, 977-978, 977f, 
994f, 1010f 

Thyro-epiglottic ligament, 999, 999f 

Thyrohyoid, 955t, 958, 965f 
nerve to, 1043f 


Thyrohyoid ligaments 
lateral, 1001f 
median, 1001f 
Thyrohyoid membrane, 803f, 1001f, 
1010f, 1011f 
Thyroid artery 
inferior, 966-967, 966f, 972f, 977, 
977f, 979f, 994f, 1010f 
superior, 806f, 959f, 960, 960t, 966, 
966f, 1010f, 1052f 
Thyroid cartilage, 806f, 965f, 979f, 997f, 
998-999, 998f-999f, 1010f 
Thyroidectomy, 967b 
Thyroid gland, 33f, 806f, 964-967, 965f 
arteries, 966-967, 966f 
development of, 967b 
finding, 1065, 1066f 
isthmus of, 965 
left lobe, 979f 
pathology, 968b, 1071b-1072b 
veins, 966f 
Thyroid ima artery, 210 
Thyroid lamina, 829f, 999f 
Thyroid notch, 1064f-1065f 
inferior, 998, 998f-999f 
superior, 998, 998f-999f, 1007f 
Thyroid vein(s) 
inferior, 806f, 966f, 967, 1011f 
middle, 961, 966f, 967, 1011f 
superior, 961, 966f, 967, 1011f 
Thyroxine, 968b 
Tibia, 517, 517f 
condyle, 558-559 
lateral, 558 
medial, 558 
distal end, 586 
in leg, 586, 587f 
proximal end, 558-560, 558f-559f 
shaft of, 560, 586 
Tibial artery 
anterior, 582f, 593, 593f, 598-599, 
599f, 624f 
recurrent branch, 582f 
posterior, 582f, 593-594, 593f, 622- 
623, 623f 
Tibial collateral ligament, 579, 580f 
Tibialis anterior, 596-598, 597f, 598t 
Tibialis anterior tendon, 613f, 634f 
Tibialis posterior, 591f, 592, 592t 
Tibialis posterior tendon, 612f 
Tibial nerve, 522f, 574, 585, 594-595, 
594f, 625-626 
medial calcaneal branches, 524f 
Tibial pulse, 637f 
Tibial tuberosity, 558, 558f-559f, 560, 
563f 
Tibial vein 
anterior, 542f 
posterior, 542f 
Tibiocalcaneal part, of medial ligament, 
606 
Tibiofibular joint, 575f, 584, 584f 
Tibiofibular ligament 
anterior, 588 
posterior, 588 
Tibionavicular part, of medial ligament, 
606 
T1 nerve, 65f, 109f, 233b 
T2 nerve, 65f, 109f 
T3 nerve, 65f, 109f 
T4 nerve, 65f, 109f 
T5 nerve, 65f, 109f 
T6 nerve, 65f, 109f 
T7 nerve, 65f, 109f 
T8 nerve, 65f, 109f 
T9 nerve, 65f, 109f 
T10 nerve, 65f, 109f 
T11 nerve, 65f, 109f 
T12 nerve, 65f, 109f 


Toes, fibrous sheaths of, 615 
Tongue, 936f-937f, 992f, 1037-1044, 
1037f 
apex of, 1037 
arteries, 1041-1042, 1042f 
foramen cecum, 1037f, 1038 
frenulum of, 1038, 1045f 
inferior surface, 1038 
longitudinal muscle 
inferior, 1038f, 1039, 1039t 
superior, 1038f, 1039, 1039t 
lymphatics, 1044 
muscles, 1038-1041, 1038f, 1039t, 
1040f 
nerves, 1042-1044, 1042f, 1043f 
oral part, 1037f 
papillae, 1037f, 1038 
pharyngeal part, 1037f 
pharyngeal surface, 1038 
root of, 1037, 1037f 
terminal sulcus, 1037f, 1038 
transverse muscle of, 1038f, 1039, 
1039t 
veins, 1042, 1042f 
vertical muscle of, 1038f, 1039, 1039t 
Tonsils, 993 
lingual, 992f, 1038 
palatine, 989f, 992f, 1050f, 1051f 
pharyngeal, 991, 992f 
Topography, of abdomen, 268-269, 268f 
Torus levatorius, 992f, 993 
Torus tubarius, 991, 992f 
Trabeculae carneae, 187, 188f, 190, 190f 
Trachea, 168, 205f, 211, 211f, 997f 
in bronchial tree, 168f 
in bronchoscopy, 174b 
in mediastinum, 212f 
in superior thoracic aperture, 127f 
Tracheal nodes, 32f 
Tracheobronchial nodes, 172, 173f, 200 
Tracheostomy, 806, 1009b 
Tragus, 903, 1069f 
Transitional cell carcinoma, 362, 362f 
Transjugular intrahepatic portosystemic 
shunt, 398 
Transplantation 
of bone marrow, 17b 
of kidneys, 364b 
Transpyloric plane, 262, 262f, 269, 387f 
Transversalis fascia, 275, 276f, 277f, 284f 
Transverse colon, 307, 308f, 311f 
Transverse ligament of atlas, 72, 72f-74f 
Transverse mesocolon, 297, 297f 
Transverse plane, 5f, 6 
Transverse process 
in thoracic vertebrae, 141, 141f 
in vertebra, 60f, 62f, 71, 71f-72f, 126f 
Transverse sinus, 843-844, 843t 
groove for, 826f 
right, 842f 
Transversospinales muscles, 93, 97-99, 
98f 
Transversus abdominis, 94f 
in abdominal wall, 250f, 274, 275f, 276t 
aponeurosis of, 275f 
in inguinal canal, 286f 
in inguinal triangle, 289f-290f 
in posterior abdomen, 350f 
in rectus sheath, 277f 
Transversus thoracis muscles, 149t, 151 
Trapezium, 752, 753f-754f 
Trapezius, 89, 90t, 676, 676f, 677f, 678t, 
970t, 971f 
in back musculature, 61f 
in shoulder, 656f 
as superificial back muscle, 87f, 88f 
in surface anatomy, 116f-117f 
weakness in, 101b 
Trapezoid, 752, 753f-754f 


Trapezoid ligament, 669f 
Trapezoid line, 526 
Treitz, ligament of, 301 
Triangular aperture, 1037f 
Triangular fossa, 1069f 
Triangular interval, 682, 691f, 693 
Triangular ligament 
left, 317, 319f 
right, 317 
Triangular space, 682, 691f, 692-693 
Triceps brachii, 672f, 679f, 680, 680t, 
690t, 692, 716-717, 716t, 717f 
Triceps brachii tendon, 779, 779f 
Tricuspid valve, 187-188, 188f 
auscultation point for, 229f 
Tricuspid valve disease, 191b 
Trigeminal cave, 851 
Trigeminal ganglion, 850f, 851, 932f 
Trigeminal impression, 825f, 826 
Trigeminal nerve, 807f, 808f, 848t-849t, 
850f, 851-852 
cutaneous distribution, 867f 
on dermatome map, 40f 
lesions, 855b 
mandibular division, 833f 
maxillary division, 833f 
motor root, 851f 
ophthalmic division, 833f 
sensory root, 851f 
Trigeminal neuralgia, 873b 
Trigone, 441, 442f 
Triquetrum, 752, 753f-754f 
Triticeal cartilage, 1001f 
Trochanter 
greater, 529-531, 530f 
lesser, 529-531, 530f 
Trochanteric fossa, 530f 
Trochlea, 712, 714f 
Trochlear nerve, 844f, 848t-849t, 850- 
851, 850f, 851f, 894, 895f 
lesions, 855b 
Trochlear notch, 714f-715f, 715 
True pelvis, 406, 406f, 429-438 
True ribs, 142 
Tubal ligation, 457b 
Tuberculum of iliac crest, 424f, 526, 
526f 
Tuberculum sellae, 825, 825f 
Tunica albuginea, 448 
Tunica externa, 29 
Tunica intima, 29 
Tunica media, 29 
Tunica vaginalis, 260f, 448, 449f-450f 
cavity, 287f 
parietal layer of, 287f 
visceral layer of, 287f 
TI vertebra 
spinous process of, 114-115, 114f 
in superior thoracic aperture, 127f 
TIll vertebra 
spinous process of, 114-115, 114f 
TIV vertebra 
level with TV, 130-131, 131f, 226, 
226f 
TV vertebra 
level with TIV, 130-131, 131f, 226, 
226f 
TVII vertebra 
spinous process of, 114-115, 114f 
TXII vertebra 
spinous process of, 114-115, 
114f-116f 
T2-weighted images, 11f 
T1-weighted images, 11f 
Tympanic artery, anterior, 939 
Tympanic cavity, 906 
Tympanic membrane, 902f, 904-905, 
904f, 905f, 906f, 919f 
perforation, 906b 
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Tympanic nerve, 853, 912, 912f 
Tympanic plate, 921f 

Tympanic plexus, 853, 908, 912, 912f 
Tympanomastoid fissure, 921f 
Tympanosquamous fissure, 920 


U 
Ulceration, duodenal, 303 
Ulna, 654f, 753f-754f 
anterior border of, 733, 734f 
anterior surface of, 733, 734f 
distal end, 733-734, 734f 
fracture, 734b 
interosseous border of, 733, 734f 
medial surface of, 733, 734f 
posterior border of, 733, 734f 
posterior surface of, 733, 734f 
proximal end, 713-715, 714f-715f 
shaft of, 733-734, 734f 
tuberosity of, 714f-715f, 715 
Ulnar artery, 718f-719f, 730f, 742f, 743, 
757f, 767-769, 768f, 781f 
transection of, 728b 
Ulnar collateral artery 
inferior, 718f-719f 
superior, 718f-719f 
Ulnar collateral ligament, 726f 
Ulnar nerve, 523f, 660f, 662f, 702t-703t, 
704f, 706, 707f, 720, 722f, 730f, 
744, 744f, 757f, 771-772, 771f, 
780f, 781f 
deep branch, 771 
dorsal branch, 744, 744f, 771f 
examination of, 790b 
injury, 729b, 772b 
motor functions, 783-784, 783f 
palmar branch, 744, 744f 
superficial branch, 771f 
Ulnar pulse, 784, 785f 
Ulnar recurrent artery, 743 
anterior, 718f-719f 
posterior, 718f-719f 
Ulnar styloid process, 734, 734f 
Ulnocarpal ligament, 755 
Ultrasound imaging, 8-9 
of head, 828 
of upper limb vasculature, 698 
of urinary tract, 366 
Umbilical artery, 473, 473f-474f 
Umbilical fold, 461f-462f, 473 
Umbilical hernias, 291 
Umbilical ligament, 473 
medial, 473f-474f 
median, 441 
Umbilical region, 389, 389f 
Umbo, 904, 905f 
Uncinate process, 72f-74f, 80, 320, 
320f, 1016, 1017f, 1022f-1023f 
“Uncovertebral” joints, 80, 81f 
Upper limbs, 650f. See also Arms; Axilla; 
Elbow joint; Forearm; Hands; 
Shoulder 
abduction of, 652f 
adduction of, 652f 
arteries 
trauma to, 699b 
back and, 65, 658 
bones, 654-655, 654f 
nerves related to, 523f, 663 
bony landmarks, posterior scapular 
region, 775 
component parts, 654-657 
dermatomes, 661f 
functions, 651-654 
general description, 650-651 
hand positioning function of, 651 
head and, 805 
innervation, 659-663, 660f, 661f, 662f 
joints in, 654-655 
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Upper limbs (Continued) 
key points, 659-664 
movements of, 652f, 653f 
muscles, 656f, 657f 
myotomes, 661f 
neck and, 657, 658f, 805 
protraction of, 652f 
regional anatomy, 526-547 
relationships to other regions, 
657-658 
retraction of, 652f 
surface anatomy, 775-784, 775f-776f 
thoracic wall and, 658 
thorax and, 130 
transition areas, 651f 
vascular, 698b 
veins, superficial, 523f, 663 
Ureter(s), 359-361, 360f, 441 
constrictions, 360f 
iatrogenic injury to, 507b 
innervation, 361 
lymphatic drainage, 361 
structures crossing, 415, 416f 
vasculature, 361 
Ureteric stone, 395b 
Ureteropelvic junction, 360, 360f 
Urethra, 444-446 
female, 419-420, 420f, 444, 445f-446f 
gender and course of, 419-420, 
420f 
male, 419-420, 420f, 444-446, 
445f-446f 
membranous part,445-446,445f-446f 
penile, 408f 
preprostatic part, 444-445, 445f-446f 
prostatic part, 445, 445f-446f 
spongy part, 445f-446f, 446 
Urethral artery, 493f, 494 
Urethral catheterization, 447b 
Urethral crest, 445, 445f-446f 
Urethral orifice, external, 408f 
female, 500f-501f 
male, 503f 
Urethral rupture, 490b 
Urethral sphincter 
external, 437, 438f, 438t, 446f 
internal, 444-445, 446f 
Urinary bladder, 441-442, 442f 
apex of, 441 
base of, 441, 442f 
cancer, 444b 
infection, 446b 
inferolateral surfaces, 441, 442f 
neck of, 441f, 442 
in pelvis, 406, 407f, 441f 
in posterior abdomen, 348f 
stones, 443b 
superior surface, 442f 
trigone of, 441, 442f 
Urinary system, 441-446, 441f 
Urinary tract cancer, 361b-362b, 362f 
Urinary tract investigation, 366b 
Urinary tract stones, 361b, 395b 
Urogenital hiatus, 435 
Urogenital membrane, 260f 
Urogenital triangle, 412, 413f, 479f, 
483-490, 484f, 487f 
identification of structures in 
female, 500-501, 500f-501f 
male, 501-502, 502f-503f 
superfical fascia, 489-490, 489f 
Urography, intravenous, 8 
Urological contrast studies, 12 
Uterine artery, 473f-475f, 474 
Uterine tubes, 260f, 455-456, 456f 
ampulla of, 456f 
ligation of, 457b 
Uterine tumor, 509b 
Uterosacral ligaments, 459f, 460 


Uterus, 453f, 455, 456f 

ampulla, 456 

cancer, 457b 

fundus of, 455, 456f, 457f 

in inguinal region, 260f 

isthmus, 456, 456f 

round ligament of, 260f, 288, 454f, 

456f, 460-462, 461f-462f 
Utricle, 913, 915f, 916 
Utricosaccular duct, 915f 
Uvula, 1041f, 1047f, 1048, 1052f, 
1054f 


V 
Vagal ganglion, inferior, 1012f 
Vagal trunk 
anterior, 217, 218f, 298, 345, 346f 
posterior, 217, 218f, 298, 345, 346f 
in posterior abdomen, 351f 
Vagina, 453f, 458, 458f 
axis of, 457f 
development of, 260, 260f 
fornix, 458, 458f 
Vaginal artery, 473, 473f-475f 
Vaginal orifice, 408f, 487f, 500f-501f 
Vaginal vault, 458, 458f 
Vagus nerves, 848t-849t, 850f, 851f, 
853-854, 962, 962f, 978 
in abdomen, 345 
cardiac branches of, 202f 
in diaphragm, 157f 
in esophagus, 217, 218f 
facial testing sites, 1067f 
laryngeal branch, 996, 996f 
left, 157f, 172f, 213, 213f, 979f, 980f, 
1012f 
in cardiac innervation, 202f 
in mediastinum, 207f 
lesions, 855b 
in lung innervation, 172, 172f 
in mediastinum, 211-214 
in neck, 807 
pharyngeal branch, 996, 996f 
right, 157f, 172f, 212, 212f, 1012f 
in cardiac innervation, 202f 
Vallate papilla, 1037f 
Vallecula, 992f, 993 
Valve disease, 191b 
Varicocele, 504b 
Varicose veins, 30b, 544b, 638b-639b 
Vasa recta, 302f, 333, 334f 
Vascular compartment, of neck, 798f 
Vas deferens, 448, 449f-450f 
Vasectomy, 450b 
Vastus intermedius, 561t, 562-564, 
563f 
Vastus lateralis, 561t, 562-564, 
563f 
Vastus medialis, 561t, 562-564, 
563f 
Veins, 29. See also individual veins 
abdomen, 337-339, 340f 
abdominal wall, 280-282 
access to, for lines, 208b, 242b-243b 
arm, 217, 717-720, 721f, 742-743 
brain, 842-844, 842f, 843t 
breast, 137 
classes of, 29 
collateralization of, 30b 
diaphragm, 158, 353 
distinguishing features, 29 
ear, 909, 911, 917 
esophagus, 216 
eyeball, 899 
eyelids, 881, 883f 
facial, 870f, 871, 871f, 877 
foot, 624, 624f 
superficial, 636, 636f 
forearm, 217 


Veins (Continued) 


gluteal, 554 

hands, 767-770 

heart, 198, 199f, 205f 

kidney, 359 

lacrimal gland, 884 

large, 29 

larynx, 1011, 1011f 

leg, 594 

lower limb, 542, 542f, 554, 573 

superficial, 525, 525f 

lung, 163 

nasal cavity, 1027-1028, 1028f 

neck, 950-952, 951f, 961, 966f, 971f, 
973, 978 

orbit, 893, 893f 

palate, 1053, 1053f 

parotid region, 1046 

pelvic, 476f, 477 

perineum, 494, 495f 

pharynx, 995, 995f 

in posterior abdomen, 370f 

pterygoid plexus of, 842f, 871f, 893f, 
939-940, 939f, 995f 

scalp, 876f, 877 

scapular, 682-684 

small, 29 

spinal cord, 104, 104f 

suprarenal glands, 365 

teeth, 1057f, 1058 

of Thebesius, 198 

thigh, 573 

thoracic wall, 132-134, 132f, 153, 
1531 

thorax, 132 

tongue, 1042, 1042f 

upper limbs, superficial, 523f, 663 

valves in, 29 

varicose, 30b, 544b, 638b-639b 


Vena cava 


in diaphragm, 157f 
in azygos system, 219f 
in gastrointestinal vasculature, 263f, 
264-265, 264f 
inferior, 132f, 157f, 338f 
access from superior, 209b 
chronic thrombosis of, 391b-392b 
filter, 371b 
in heart, 181f, 203f 
in kidney vasculature, 359f 
in lung, 165f 
opening of, 187 
in pericardial vasculature, 179f 
in posterior abdomen, 370-371, 
370f 
in serous pericardium, 179f 
in suprarenal vasculature, 365f 
valve of, 186f, 187 
in inguinal region, 260f 
in peritoneal cavity, 293f 
in posterior abdomen, 348f, 351f 
sinus of, 186 
superior, 33f, 132f, 171f, 183f, 204 
to access inferior, 209b 
in azygos system, 219f 
in heart, 181f, 203f 
in lung, 165f 
in mediastinum, 207, 207f, 212f 
in pericardial vasculature, 179f 
in right atrium, 186f 
in right ventricle, 188f 
in serous pericardium, 179f 


Venae cordis minimae, 187, 198 
Venipuncture, 770b 
Venous arch 


dorsal, 525f, 624f, 636f, 770f 
jugular, 951f, 952 


Venous network, dorsal, in hand, 
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Venous plexus 
rectal 
external, 476f 
internal, 476f 
vertebral, 62f, 104f 
Venous sinuses, dural, 842-844, 842f 
Ventral, as anatomical direction, 6 
Ventricles (brain), 34 
Ventricles (cardiac) 
left, 181f, 183f, 185f, 190-191, 190f 
failure, 236 
right, 181f, 185f, 187, 188f 
Ventriculoperitoneal shunts, 294 
Ventriculoseptal defect, 197b 
Venules, 29 
Vermilion borders, 1056f 
Vertebra(e), 59f. See also individual 
vertebrae 
abnormal numbers of, 78b 
articular process in, 71, 71f, 126f 
cancer and, 79b 
cervical, 59f, 67, 67f, 68f, 72, 72f-74f 
disc herniation in, 81b 
fusion of, 78b 
in neck, 802-803, 802f 
coccygeal, 68 
costal facet in, 126f 
development of, 68-71, 70f 
fractures of, 79b, 84b-85b 
imaging of, 68f, 69f 
joints, 79-80 
lamina of, 60f, 63f, 71, 71f 
ligamenta flava in, 83f 
ligaments in, 82-84 
lumbar, 59f, 67f, 68, 70f, 72f-74f, 76f, 
80f 
disc herniation in, 81f 
landmarks for levels, 385-386, 385f 
in posterior abdomen, 349, 349f 
sacralization of, 78b 
osteoporosis in, 79b 
pedicle of, 60f, 71, 71f 
in regional anatomy of back, 67-75 
rib articulation with, 126f 
sacral, 67f, 68 
in skeletal framework of back, 56f 
in spinal fusion surgery, 86 
spinous process in, 60f, 62f, 71, 71f 
surface identification of, 114-115 
symphyses between, 80 
thoracic, 59f, 67f, 68, 69f, 72f-74f, 
76f, 79f, 141-142, 142f (See also 
individual thoracic vertebrae) 
abnormal number of, 78b 
articular processes in, 141, 141f 
body in, 141, 141f 
laminae in, 141, 141f 
rib articulation in, 141-142, 142f 
transverse process in, 141, 141f 
typical, 141f 
vertebral foramen in, 141, 141f 
transverse process of, 60f, 62f, 71, 
71f, 126f 
typical, 60, 71-72, 71f 
in vertebroplasty, 77b 
Vertebral arch(es), 60, 60f, 71, 71f 
joints between, 80 
posterior spaces between, 75, 76f 
in spina bifida, 76b 
Vertebral arteries, 102f-103f, 832, 837, 
838f, 976, 977f 
in deep back muscle vasculature, 93, 
100f 
left, 837f-838f 
meningeal branch, 832f 
right, 837f-838f 
in suboccipital vasculature, 100, 
100f 
Vertebral body, 60, 60f, 71, 71f 


Vertebral canal, 60, 62, 62f, 71 

arrangement of structures in, 106, 

106f 

metastasis to, 79b 

in spina bifida, 76b 

spinal nerves in, 109f 
Vertebral column 

anterior, 84 

curvatures of, 57, 113f 

injury, 118b 

kyphosis, 78b 

in lordosis, 78b 

middle, 84 

posterior, 84 

in scoliosis, 77b 

in skeletal framework of back, 56f 
Vertebral compartment, of neck, 798, 

798f 

Vertebral notch, 60f, 71f 
Vertebral venous plexus, 62f, 104f 
Vertebroplasty, 77b 
Vertical muscles, 276-277 
Vesical artery 

inferior, 473, 474f 

superior, 473, 474f 
Vesical plexus, 476f, 495f 
Vesicouterine pouch, 460 
Vestibular aqueduct, 914, 914f 
Vestibular fold, 1002 
Vestibular ganglion, 913f, 917 
Vestibular gland, greater, 453f, 485, 

500f-501f 


Vestibular ligament, 1002, 1002f 
Vestibular membrane, 916, 916f 
Vestibular nerve, 913f 
Vestibule, 487, 913, 913f 
Vestibulocochlear nerve, 848t-849t, 
850f, 851f, 853, 913f, 919f 
lesions, 855b 
Video-assisted thoracic surgery, 156b 
Visceral afferent fibers 
in abdomen, 342 
in pelvis, 471 
Visceral afferent pathways, 377t 
Visceral compartment, of neck, 798, 798f 
Visceral pleura, 128, 129f, 159f, 161 
Visceral plexuses, 51, 51f 
Visceral sensory innervation, 49 
Visceral sensory neurons, 41 
Viscerocranium, 812 
Viscus, 290b-291b 
Visualization, 4 
Vitelline duct, 306b 
Vitreous humor, 899 
Vocal cord 
false, 829f, 1002 
true, 829f, 1001 
Vocal fold, 829f, 1001 
Vocalis, 1006f, 1006t, 1007 
Vocal ligaments, 1001, 1001f, 1002f, 
1006f 
Vocal process of arytenoid, 999, 1000f, 
1002f 
Vomer, 819, 820f, 1020f, 1021f, 1025f 


Vorticose veins, 899 
Vulva, 487 


Ww 
Wedge fractures, osteoporotic, 77 
Weighting, of magnetic resonance 
images, 10, 10f, 11f 
Weight support, by lower limbs, 
513-515 
White matter, 34 
White ramus communicans, 43-44, 44f, 
222f 
Winged scapula, 786b-787b 
Wormian bones, 816, 817f 
Wrist joint, 754-755, 757f 
movements of, 654f 
structures at, 756-758, 757f 


X 

Xiphisternal joints, 146, 146f 

Xiphoid process, 124f, 127f, 144, 225f 
X-ray, 7-8 

X-ray absorptiometry, dual-photon, 79b 
X-ray contrast agents, 7-8, 8f 

X-ray generation, 7, 7f 

X-ray interpretation, 12 

X-ray radiation exposure, 13 

X-ray safety, 13 


Y 
Yolk sac, 257f 
Yolk stalk, 306b 


Index 


Z 
Zonular fibers, 901, 901f 
Zygapophyseal joint, 80, 80f, 426, 
427f 
Zygapophyseal joint hypertrophy, 
84b 
Zygomatic arch, 816, 920f, 1062f 
Zygomatic bone, 813, 813f, 815f, 878f, 
921-922, 1062f 
Zygomatic nerve, 863f, 884f, 943, 943f, 
944f 
Zygomaticofacial artery, 870f, 871 
Zygomaticofacial foramen, 812t, 815f, 
816, 921f 
Zygomaticofacial nerve, 866f, 867f, 
928f, 943, 943f 
Zygomaticofacial vein, 870f 
Zygomaticotemporal artery, 870f, 
871 
Zygomaticotemporal foramen, 815f, 
921f 
Zygomaticotemporal nerves, 866f, 867f, 
875f, 928, 928f, 943, 943f 
Zygomaticotemporal vein, 870f 
Zygomatic process 
of frontal bone, 813, 813f 
of maxilla, 813f, 814 
of temporal bone, 815f, 816 
Zygomaticus major, 856t-857t, 858f, 
860f, 861 
Zygomaticus minor, 856t-857t, 858f, 
860f, 861 
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